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NOTES: 

1. General layout Of SHe Facilities 

from Drawing Supplied By Wayne 

Disposal. lnc .• Entitled "Allen Park 
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Ford Motor Company 

U. S. Environmental Protection Agency 
Region V 
230 South Dearborn Street 
Chicago, Illinois 60604 

Attention: SHE - 12 

Subject: Annual Groundwater Monitoring Report 
Ford Allen Park Clay Mine 
EPA I.D. No. MID 980 568 711 

3001 Miller Road 

Dearbom, Michigan 4812'1 

29 February 1988 

Tte enclosed groundwater monitoring data are submitted in accord

ance with the reporting requirements of 40 CFR 265.94 for the sub

ject facility. 

The monitoring plan requested by William E. Muno, Chief of the RCRA 

Enforcement Section, in his November 27, 1985 letter is one of annu

al sampling and static water level measurements of upgradient wells 

5-D and 5-S, and downgradient wells 2-D, 2-S, 102-D, 103-D and 

104-D. The waste-specific parameters to be analyzed are: cadmium, 

cyanide (complexed), hexavalent chromium, lead, naphthalene, nickel, 

and phenol. As stated in the Allen Park Clay Mine groundwater waiver 

demonstration submitted in 1985, the monitoring program in place is 

unfounded in detecting the migration of hazardous constituents from 

the site. Therefore, we conclude that the enclosed data do not re

flect activities associated with the Allen Park Clay Mine Hazardous 

Waste Landfill. 

All requested information is attached with the exception of shallow 

well 5-s. Samples obtained from shallow well 5-s have been submitted 

for analysis. Laboratory results are expected within the month and 

will be forwarded to you under separate cover. Please note that upon 

bailing shallow well 2-S, there was insufficient recharge after 

twenty-five hours to obtain a sample; this well has a prior history 

of recharging slowly. 

RECEIVED 
WJ.R 11988 

DAP/dao 

Attachment 





ALLEN PARK CLAY MINE 
Groundwater Monitoring Data Sheet 

EPA Annual Requirements 

Sampling Date: )1·21·87 

Time of Sample Collection: 

Person(s) Collecting Sample: "3. /3<,1tdJ 3". Co{(;,-,s rtnJ "E. 2.-~sner 

Laboratory Conducting Analysis: 73w·rr'lv A '/,,;;,11·r:._ I :S~r.:;~e_,;, Inc 

WELL No. 5 Deep OMR DESIGNATION H07U 

I. 

II. 

Well Data USGS Coordinates 
Casing Elevation 596.14' 
Casing Material Galvanized Steel 
Casing Depth 516.70 

Casing Diameter 2" 
Pressure Reading in inches of 

H20 + 7, 70' 

STATIC WATER ELEVATION(ft) b03.8<(' Taken on 11·.23·87 Time ___ _ 

Well Bailing Data 
Device Used: Self bailing device 
Material of Construction: Stainless steel with silicon stopper. 

Time of Well Purging: Start{Date ---=~~---= Stop{Date 

Flow Rate: mls/minute Gallons Purged: Fr<-<:. Fie~; •, 

III. Sampling Data 
Significant Weather Conditions: 
Sample Equipment: Direct discharge from purging device. 

Annual Sample Parameters 
Parameters Container 

Cadmium ·~ 

Lead Plastic 
Nickel 

Hex Chromium Plastic 

Total Cyanide Plastic 

Naphthalene Glass 

Phenol Glass 

IV. Field Analytical Data (Optional) 

Preservative A~alvtical Results 
Jt. 0. 0/ mg/1 

HN03 to pH <2 < D. 0~ 
< 0. 0.2 

Cool to 4°C < 0. Q_,..-

NaOH to pH >12 < 0. (l.:;<, 

coolto4°C O.otB 

H2S04 to pH <2 I. C'. 01 

pH ___ _ Specific Conductivity ---------- Temp -------

Appearance of Samples: _______________________________________________ __ 

Mise. Notes: 





Sampling Date: 

ALLEN PARK CLAY MINE 
Groundwater Monitoring Data Sheet 

EPA Annual Requirements 

Time of Sample Collection: 

Per son ( s) Collecting Sample: ..!.E"-"'ci--"C"'t,"'. ""'";_;' :s,_~....,c~-;z.,_'---------------

YELL No. 2 Shallow QMR DESIGNATION A02U 

L Well Data USGS Coordinates 
Casing Elevation 595.66' Casing Diameter 2" 
Casing Material Galvanized Steel Water Level --~1!11~ . .r9.;;:5'--' ----
Casing Depth 578.33 

STATIC WATER ELEVATION(ft) 583.7/' Taken on ,;J-,;Js-&3 Time 0'l.'3D 

II. Well Bailing Data 
-Device Used: Bailer 
Material of Construction: PVC 
Time of llell Bailing: f)q:;;s; 
Gallons Purged: 7P ])rftl($4 

I 

III. Sampling Data 
Significant \leather Conditions: 
Sample Equipment: Bailer 

Annual Sample Parameters 
Parameters Container 
Cadmium ... 
Lead Plastic 
Nickel 

Hex Chromium Plastic 

Total Cyanide Plastic 

Naphthalene Glass 

Phenol Glass 

IV. Field Analytical Data (Optional) 

Preservative 

HN03 to pH <2 

Cool to 4°C 

NaOH to pH >12 

Cool to 4°C 

pH ___ _ Specific Conductivity ----------

Appearance of 
Misc. Notes: 

Analytical Results 
)1,\c. :$C mpk mg/1 

Temp 





Sampling Date: 

ALLEN PARK ClAY MINE 
Groundwater Monitoring Data Sheet 

EPA Annual Requirements 

Time of Sample Collection: 

Person(s) Collecting Sample: , 

WELL No. 2 Deep QMR DESIGNATION G06U 

I. Well Data USGS Coordinates 
Casing Elevation 600.76' 
Casing Material PVC 

Casing Diameter 2" 

Water Level ---~o~.~~~-----------
Casing Depth 518.10 

STATIC WATER ELEVATION(ft) t.DQ. d.b' Taken on tl-~ 3-81 Time ___ _ 

II. Well Bailing Data 
Device Used: Bailer 
Material of Construction: PVC 

Time of Well Bailing: Date ---------
Gallons Purged: /{,. 0 ( br-.1) 

/ 

III. Samuling Data 
Significant Weather Conditions: 
Sample Equipment: Bailer 

Annual Sample Parameters 
Parameters 
Cadmium 
Lead 
Nickel 

Hex Chromium 

Total Cyanide 

Naphthalene 

Phenol 

Container 

Plastic 

Plastic 

Plastic 

Glass 

Glass 

IV. Field Analytical Data (Optional) 

Preservative 

HN03 to pH <2 

Cool to 4°C 

NaOH to pH >12 

Cool to 4°C 

H2S04 to pH <2 

pH ___ _ Specific Conductivity --------

Analytical Results 
,( !2.1:21 mg/1 

Q,Q~ 
< o. 0.2 

1.. c& c:::.--

i.. 0. 0 ,;?, 

(. o. 0 10 

< Q. 0 I :;(, -
Temp -------

Appearance of Samples: _____________________________________________ _ 

Misc. Notes: 





ALLEN PARK CLAY MINE 
Groundwater Monitoring Data Sheet 

EPA Annual Requirements 

Sampling Date: II · :Jt/- 8 7 

Time of Sample Collection: 

Person(s) Collecting Sample: 

\JELL No. 102D OMR DESIGNATION C02U 

I. Well Data USGS Coordinates 
Casing Elevation 600.81' 
Casing Material PVC 
Casing Depth 498.30 

Casing Diameter 2• 
Pressure Reading in inches of 

H20 + jQ 77' 

STATIC WATER ELEVATION{ft) (, /1, .5&' Taken on if ·,)3-P;] Time ___ _ 

II. Well Bailing Data 
Device Used: Self bailing device 
Material of Construction: Stainless 
Time of Well Purging: Start/Date 
Flow Rate: mls/minute 

III. Samuling Data 
Significant Weather Conditions: 

steel with silicon stopper. 
StopjDate 

Gallons Purged: £'""-c ·~k,.,·, 

Sample Equipment: Direct discharge from purging device. 

Annual Sample Parameters 
Parameters Container Preservative 

Cadmium 
Lead Plastic HN03 to pH <2 
Nickel 

Hex Chromium Plastic Cool to 4°C 

Total Cyanide Plastic NaOH to pH >12 

Naphthalene Glass Cool to 4°C 

Phenol Glass H2S04 to pH <2 

IV. Field Analytical Data (Optional) 

pH ___ _ Specific Conductivity 

Analvtical Results 
i. C. oi mg/1 
< C. D-"0 

< o. l'-2. 

< o. CS' 

( 0,D2, 

< Q, RIO 

< c. 0/~ 

Temp 

Appearance of Samples: __________________________________________________ ___ 

Misc. Notes: 



I 

I 

I 

I 

I 

I 

I 

I 



ALLEN PARK CLAY MINE 
Groundwater Monitoring Data Sheet 

EPA Annual Requirements 

Sampling Date: 

Time of Sample Collection: 

Person ( s ) Co 11 e c t: ing Samp 1 e : -''""'"'-''-'C""''""'.J.I.ui'"":,:..;S:..,
7

• __ ...)'='-'.-'B=o..:l.:.' ':..:":._..c':.:.t..c"':..:J,__ts---""-''-ff..c! '-'''-', Cc,;-!.1;:<. _,_H'-'r 

Laboratory Conducting Analysis: J5~~~~~r~m~a~h~--~~e~~~A~n~,~~~~~l_· __ ~$~~~r~v~·~~-~e~~,,~~JS~n~c----

WELL No. 103D QMR DESIGNATION D03U 

1. 

II. 

Well Data USGS Coordinates 
Casing Elevation 605.06' 
Casing Material PVC 
Casing Depth 501.40 

Casing Diameter 2" 
Pressure Reading in inches of 

H20 + 7. </i' 

STATIC WATER ELEVATION(ft:) (,/.;2. </]' Taken on 11-dJ-87 Time _____ _ 

Well Bailing Data 
Device Used: Self bailing device 
Material of Construction: Stainless steel with silicon stopper. 

Time of Well Purging: Start(Date --~~~---= Stop/Date --~~--~~ 
Flow Rate: mls/minute Gallons Purged: rr<e. Fie•,,; OvcrniJ/,-t 

III. Samnling Data 
Significant Weather Conditions: 
Sample Equipment: Direct discharge from purging device. 

Annual Sample Parameters 
Parameters Container Presenrative Analvtical Results 

Cadmium - L. f), Ql mg/1 
Lead Plastic HN03 to pH <2 .(, Q. os-
Nickel < Q, Q :2. 

Hex Chromium Plastic Cool to 4°C < 0, 0:5.-

Total Cyanide Plastic NaOH to pH >12 .( 0.02 

Naphthalene Glass Cool to 4°C < Q.OIO 

Phenol Glass H2S04 to pH <2 < O.QIQ 

IV. Field Analytical Data (Optional) 

pH ___ _ Specific Conductivity ---------- Temp------

Appearance of Samples: __________________________________________________ _ 

Misc. Notes: 





Sampling Date: 

ALLEN PARK CLAY MINE 
Groundwater Monitoring Data Sheet 

EPA Annual Requirements 

Time of Sample Collection: 

Person(s) Collecting Sample: :3. :r. (.pf(,;,$ 

\JELL No. l04D OMR DESIGNATION E04U 

I. 
Casing Diameter 2" 

\Jell Data USGS Coordinates 
Casing Elevation 603.82' 
Casing Material PVC 
Casing Depth 508.60 

Pressure Reading in inches of 
H2o -+ 5-. ~s· 

STATIC IJATER ELEVATION 1ft) (,Q9, fc. 7' Taken on 11-).?-87 Time ___ _ 

II. \Jell Bailing Data 
Device Used: Self bailing device 
Material of Construction: Stainless steel with silicon stopper. 

Time of \Jell Purging: Start/Date ----~~--~ Stop/Date 

Flow Rate: mls/minute Gallons Purged: Fn.e ci..:•H 

III. Sampling Data 
Significant \Jeather Conditions: 
Sample Equipment: Direct discharge from purging device. 

Annual Sample Parameters 
Parameters Contain~r Preservative Analvtical Results 

Cadmium ' 
.( o. Oi mg/1 

Lead Plastic HN03 to pH <2 < Q. o:;,: 
Nickel <.Q,Q2. 

Hex Chromium Plastic Cool to 4°C (. Q. Q.s-

Total Cyanide Plastic NaOH to pH >12 < 0' (l ,;2. 

Naphthalene Glass Cool to 4°c < (\' 'DiD 

Phenol Glass H2S04 to pH <2 < 0. 0/0 

IV. Field Analytical Data (Optional) 

pH ___ _ Specific Conductivity ---------- Temp 

Appearance of Samples: __________________________________________________ ___ 

Misc. Notes: 





Ford Motor Company 

V.H.S .. SS s s 
' 

'58 Mt"' -4 A1" :26 

U. s. Environmental Protection Agency 
Region V 
230 south Dearborn Street 
Chicago, Illinois 60604 

Attention: SHE - 12 

IVED 
SEP ::; 31988 

'.IIJaste ManJgernm·1t 
Di\.1ision 

3001 Miller Road 
Dearborn, Michigan 48121 

29 April 1988 

Subject: Annual Groundwater Monitoring Report 
Ford Allen Park Clay Mine 
EPA I.D. No. MID 980 568 711 

Enclosed is the groundwater monitoring data for shal~ow well 5-S, as 
referenced in my February 29, 1988 letter. Please note that this data 
completes the 1987 Annual Groundwater Monitoring Report, in accordance 
with the reporting requirements of 40 CFR 265.94 for the subject fa
cility. 

DAP/dao 

Attachment 

,-· Very truly Y,ours:) 
/: ··;: y .. 

--~~-..........-_GJ ...,_. __ /_-~'·-..,~-
Dougl~ A. Painter, Manager 
Minin~ Department 

xc: Mr. Alan J. Howard - MDNR (w/attachmentl 





FORD ALLEN PARK CLAY MINE 
MID 980 568 711 

Groundwater Monitoring Data Sheet 
EPA Annual Groundwater Requirements 

Well No.: Shallow Well 5-S QMR Designation: A05U 

I. 

II. 

III. 

Well Data USGS Coordinates 

a) Casing Elevation: 598.27' 
bl Casing Material: Galvanized 
c) Casing Depth: 580.02' 
d) Casing Diameter: 2" 
el Static Water Elevation (ftl: 

f) Water 
Steel g) Date: 

h) Time: 

bOO. rn' 

Well Bailing Information 

a) Device Employed: Teflon Bailer · 
b l Gallons Purged: .2.. @,9> !\on !!o 

c) Date: 
d) Time: 

. 
Weather Conditions 

Level: + 1.8' 
~· s-~s 

a) Weather on Date of Bailing: -=~~Y~n~n~t~:---~Suo~·~~----------------------
b) weather on Date of Sampling: 

IV. Sample collection and Laboratory Information 

a) Sampling Date: 
bl Sampling Time: 
c) Person(s) Sampling: 
d) Laboratory Name: Burmah Technical Services, Inc. 

v. 

Parameter 

Cadmium 
Lead 
Nickel 
Hex. Chromium 
Total Cyanide 
Naphthalene 
Phenol 

VI. 

Annual Sample Parameters 

Analytical Method 

;2.0.0., 

2.00 . ., 

200.1 

!!"fA 

Comments 

f 

Result 

I. Q. 0\ 
t.. Q, 0 s 
.(, o. 9 2 
.( Q, Q £ 
,(. Q, 0£ 
< \0 
< !Q 





Burmah 
( 

Burmah Technical Services Inc 
Analyt1cat Laboratories Division 

Ford Motor Company 
Allen Park Clay Mine 
2045 Rouge Office Bldg. 
3001 Miller Road 
Dearborn, Ml 48121-1699 
Attn: Dave O'Connor 

PROGRAM: SHALLOW WELL 

Date Received: 4-6-88 

( 
408 Auburn Avenue 
Pontiac. Mich1gan 48058 

April 21, 1988 

ALD Number: 36074 

Client I.D.: 55 
4-6-88 

Cyanide, CN, mg/1 <0.02 

Cadmium, Cd, mg/1 <0.01 

Lead, Pb, mg/1 <0.05 

Nickel, Ni, mg/1 <0.02 

Hexavalent Chromium, Cr,s, mg/1 <0.05 

Naphthalene, ug/1 <10 

Phenol, (by 625) , ug !l <10 

SW/lL ~Supervisor 

313-334-4747 





(' 

Burmah 

Ford Motor Company 
Allen Park Clay Mine 
Attn: Dave O'Connor 

PROGRAM: EXHIBIT E - QUARTERLY 

Date Received: 2-12-88 

Site 
I. D. 

A05U 
AlOD 
A02U 

FEILD NOTES 

Static 
!later 
Level 
illL 

2.80 
5.50 
Dry 

Samples were taken at two sites on 2-10-88. 

r 

May 9, 1988 

Date 
Evacuated 

2-10-88 
2-10-88 

All samples were preserved according to EPA guidelines and were 
transported to the laboratory under refrigeration. 

A chain of custody record has been initiated on site and retained with 
out field data. 

Field work was performed by Burmah Technical Services personnel 
B. Bieser and M. Regan. 

EX/2L 





• 

•• 

Burmah Burmah Technical Services, Inc. 
Analytical Laboratones Division 

Ford Motor Company 
Allen Park Clay Kine 
Attn: David O'Connor 

I'IIOGIUJI: :UlUIU'I' I QUARTDLY 

Sample Received: 11-5-87 

Site 
L..!2... 

1051.! 
AlOD 
1021.! 

408 Auburn Avenue 
Pontiac. M1chigan 48058 

December 14, 1987 

FIELD NOTES 

Static 
liater 
Level Date 
Itt J Evacuate4 

2.80 ll-oHl7 
5.50 11-4-87 
Dry 

Samples were taken at· two sites on 11-5-81 • 

All samples were preserved according to EPA guidelines and were 

transported to the laboratory under refrigeration. 

313-334-4747 

A chain of custody record has been initated on site and retained with our 

field data. 

Field work was performed by J. Collins and B. Thomas • 

Quarterly /2L 





.. 

''-.._.., 

Burmah Burmah Teci"H"liCal Serv1ces. Inc 
Anely1tcal Laboratories Olii!StOn 

Ford ~otor Company 
Rouge Steel Co. 
Attn: David O'Connor 

Sample Received: 9-1-87 

1iell 
I. D. 

#5 Shallow 
#10 Shallow 
12 Shallow 

Qfoi(R_ 

J::>d!. s..\ :a 1\P. 4. •D"-

408 Auburn Avenue 
Pont<ac. M•ch•gan 48058 

October 2. 1987 

FIELD NOTES 

Static 
1iater 
Level 

( ft) 

5.40 
6.25 
Dry 

Date 
Evacuated 

8-31-81 
8-31-87 

Samples were taken at two sites on 9-1-87. 

All samples were preserved according to EPA guidelines and were 

transported to the laboratory under refrigeration. 

313-334-4747 

A chain of custody record has been initated on site and retained with our 

field data. 

Field work was performed by J. Collins and M. Hopp. 

cc: SSECO - Ed Chrasz 

Qua.rterly/2r 
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APPENDIX A-1 

FACILITY INSPECTION FOR"II FOR COMPLIANCE WITH INTERIM 

STATUS STANDARDS COVERING GROUND-WATER MONITORING 

Company Name:. ____________ ; EPA !.D. 'Number: _____ _ 

Company Address: ____________ ; Inspector's Name: ______ _ 

Company Contact/Official: _________ ; Branch/Organization: ____ _ 

Title: _________________ ; Date of Inspection:, _____ _ 

Type of facility: (check appropriately) 

a) surface impoundment 
b) landfill 
c) land treatment facility 
d) disposal waste pile* 

Ground-Water Monitoring Program 

1. Was the ground-water monitoring program 

reviewed prior to site visit? 
If 11 No11 , 

a) Was the ground-water l?rogram 
reviewed at the facility prior 
to site inspection? 

2. Has a ground-water monitoring program 

(capable of determining the facility's 

impact on the quality of groundwater in 

the uppermost aquifer underlying the 
facility) been implemented? 265.90(a) 

Yes 

*Listed sel?arate from landfill for convenience of identification. 

No Unknown Waived 



l 

1 Yes No Unknown Waived 

I 
3. Has at least one monitoring well been 

installed in the uppermost aquifer 
hydraulically upgradient from the limit 
of the waste management area? 

I 265.9l(a)(l) 

a) Are ground-water samples 

J 
from the uppermost aquifer, represen-
tative of background ground-water 
quality and not affected by the facility . (as ensured by proper well number, 

1 locations and depths?) ---
4. !lave at least three monitoring wells been 

.1 installed hydraulically downgradient at the 
limit of the waste handling or management 
area? 2o5.9l(a)(2) 

1 .il) . ..Do well numb.el:., lo.catiO-'lS . .aAd .L:lept!ls 
.oa ensure prompt detection of any 

statistically significant amounts of HW 

J or HW constituents that migrate from 
the waste management area to the 
uppermost aquifer? --- ---

i 5. Have the locations of the waste management 
areas been verified to conform with infer-

I 
mation in the ground-water program? --- ---
a) If the facility contains multiple waste 

I 
management components, is each 
component adequately monitored? ---

6. Do the numbers, locations, and depths 

I 
of the ground-water monitoring wells 
agree with the data in the ground-water 
monitoring system program? ---

I 
If "No", explain discrepancies. 

7. Well completion details. 265. 9l(c) 

I a) Are wells properly cased'? ---
b) Are wells screened (perforated) ---

and packed where necessary to enable 

I sampling at appropriate depths? --- ---

'" 
c) Are annular spaces properly sealed 

to prevent contamination of ground-

I 
water? ---

] -~--

1 
Al-2 



I 
J 

Yes No Unknown 

8. Has a ground-water sampling and analysis 

I 
plan been developed? 265.92(a) ---
a) Has it been followed? --
b) Is the plan ke[Jt at the facility? --

I c) Does the [Jlan include [Jrocedures 
and techniques for: 
1) Sam[Jle collection? 

I 
2) Sam[Jle preservation? 
3) Sample shi[Jment? -- --
4) Analytical procedures? - --
5) Chain of custody control? --

I 9. Are the required parameters in ground-water 
samples being tested quarterly for 

I the first year? 265.92(b) and 265.92 (c)(l) -- --
a) Are the ground-water samples 

I 
analyzed for the following: 

. ·---.... 

1) Parameters characterizing 
the suitability of the ground-

I water as a drinking water supply? 
265.92(b)(l) --

2) Parameters establishing 

I ground-water quality? 
265.92(b)(2) -- --

3) Parameters used as indicators of 

• ground-water contamination? 
. 265.92(b)(3) -- --
(i) For each indicator parameter 

I are at least four replicate 
measurements obtained at each 
upgradient well for each sample 

I 
obtained during the first year of 
monitoring? 265.92(c)(2) -- --

(iil Are provisions made to calculate 

I 
the initial background arithmetic 
mean and variance of the respective 
parameter concentrations or values 

I 
obtained from the upgradient well(s) 
during the first year? 265.92(c)(2) 

b) For facilities which have completed 

I 
first year ground-water sampling and analysis 
requirements: 

,. l) Have samples been obtained and analyzed 
for the ground-water quality parameters 
at least annually? 265. 92(d)( 1) -- --

2) Have samples been obtained and 

J analyzed for the indicators of 
ground-water contamination at 
least semi-annually? . 265.92(d)(2) 

!I Al-3 



Yes No Unknown 
c) Were ground-water surface elevations 

determined at each monitoring well each 
time a sample was taken? 265.92(e) ---

d) Were the ground-water surface elevations 
evaluated annually to determine whether the 
monitoring wells are properly placed? 
265.93(f) ---

e) If it was determined that modifi-
cation of the number, location or depth 
of monitoring wells was necessary, was 
the system brought into compliance with 

1 265.9I(a)? 265.93(f) 

10. Has an outline of a ground-water quality 

) 
assessment program been prepared? 
265.93(a)* --- ---

a) Does it describe a program capable 

' 
of determining: 

J 

1) Whether hazardous waste or hazardous 

] waste constituents have entered the 
ground water? ---2) The rate and extent of migration of 

) 
hazardous waste or hazardous waste 
constituents in ground water? ---3) Concentrations of hazardous waste 
or hazardous waste constituents 

j in ground water? 
' J 

b) After the first year of monitoring, 

l have at least four replicate measure-
ments of each indicator parameter been 
obtained for samples taken for each 
well? 265.93(b) 

1) Were the results compared with the 
initial background means from the 
upgradient well(s) determined 
during the first year? 

(i) Was each well considered 
individually? 

(ii) Was the Student's t-test used ---
(at the 0.01 level of significance)? 

2) Was a significant increase (or pH 
decrease as well) found in the: 

(i) Upgradient wells 
(ii) Downgradient wells 
If "Yes", Compliance Checklist A-2 
must also be completed. 

*See note Page 2-10 Al-4 
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Yes ~o Unknown 

11. Have records been kept of analyses for 
parameters in 265.92(c) and (d)? 
265. 94(a)(l) 

12. Have records been kept of ground-water 
surface elevations taken at the time of 
sampling for each well? 265.94(a)(l) 

13. Have records been kept of required 
elevations in 265.93(b)? 
265.94(a)(l) 

14. Have the following been submitted to the 
Regional Administrator 265.94(a)(2) :* 

a) Initial background concentrations of 
parameters listed in 265.92(b) within 
15 days after completing each quarterly 
analysis required during the first year? 

b) l'or -each well, have .any parameters whose 
concentrations or values have exceeded 
the maximum contaminant levels allowed 
in drinking water supplies been 
separately identified? 

c) Annual reports including: 

1) Concentrations or values of 
parameters used as indicators 
of ground-water contamination for 
each well along with required 
evaluations under 265.93(b)? 

2) Any significant differences from 
initial background values in up
gradient wells se[larately identified? 

3) Results of the evaluation of 
ground-water surface elevations? 

*EPA will be [Jroposing (Spring 1982) to re[llace this reporting require

ment with an exception re[Jorting system where re[lorts will be submitted 

only where ma.ximum contaminant levels or significant changes in the 

contamination indicators or other [larameters are observed. EPA has 

delayed com[Jliance stage for 14 a) above until August 1, 1982 (Feder<J.l 

Register, February 23, 1982, p. 7841-7842) to be cou[Jled with exce[ltion 

re[Jorting in the interim. 
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APPENDIX A-2 

INSPECTION COMPLIANCE FORYI FOR A FACILITY WHICH 

MAY BE AFFECTING GROUND-WATER QUALITY 

Company Name: _____________ ; EPA I.D. Number: ______ _ 

Company Address: _____________ ; Inspector's Name: _____ _ 

Company Contact/Official: _________ ; Branch/Organization: ____ _ 

Title: __________________ ; Date of Inspection: _____ _ 

Type of facility: (Check appropriately) 
a) surface impoundment 
b) landfill 
c) land treatment facility 
d) disposal waste pile 

1. Have comparisons of ground-water 

contamination indicator parameters for the 

upgradient well(s) 265.93(b) shown a signifi

cant increase (or pH decrease as well) over 

initial background? 

a) If "Yes", has this information been 
submitted to the Regional Administrator 
according to 265.94(a)(2)(ii)? 

2. Have comparisons of indicator parameters for 

the downgradient wells 265.93(b) shown a 
significant increase (or pH decrease as well) 

over initial background? 

a) If "Yes", were additional ground-water 

samples taken for those downgradient 
wells where the significant difference 
was determined? 265.93(c)(2) 

1) Were samples split in two? 
2) Was the significant difference due to 

human (e.g., laboratory) error? 
(If "Yes", do not continue.) 

Yes No Unknown 

A2-1 
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3. If significant differences were not due to 
error, was a written notice sent to 
the Regional Administrator within 7 days of 
confirmation? 

Yes 

4. Within 15 days of notification of the Regional 
Administrator was a certified ground-water quality 
assessment plan submitted? 265.93(d)(2)* 

a) Does the plan specify 265.93(d)(3) 

1) well information (specifics) 

(a) number? 
(b) locations? 
(c) deptl1s? 

2) sampling methods? 
3) analytical methods? 

. 4) evaluation methods? 
5) schedule of implementation? 

b) Does the plan allow for determination of 
265.93(d)(4) : 

1) Rate and extent of migration of 
hazardous waste or hazardous waste 
constituents? 

2) Concentrations of the hazardous 
waste or hazardous waste constituents? 

c) ls it indicated that the first determination 
was made as soon as technically feasible? 

265.93(d)(5) 

1) Within 15 days after.the first determi
nation was a written report containing 
the assessment of ground-water 
quality submitted to the Regional 
Administrator? 

d) Was it determined that hazardous waste 
or hazardous waste constituents from the 
facility have entered the ground water? 

1) If "No", was the original indicator 
evaluation program, required by 
265.92 and 265.93(b), reinstated? 

(a) Was the Regional Administrator 
notified of the reinstatement of 
program within 15 days of the 
determination? 265.93(d)(6) 

*See note Page 2-10 

No Unknown 
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e) If it was determined that hazardous waste 
or hazardous waste constituents have 
entered the ground water 265.93(d)(7) 

1) For facilities where program was 
implemented prior to final closure, are 
determinations of hazardous waste or 
hazardous waste constituents continued 
on a quarterly basis? . 
(If program was implemented during 

Yes 

the post-closure care period, determinations 

made in accordance with the ground-water 
quality assessment plan may cease 
after the first determination.) 

(a) Were subsequent ground-water quality 
reports submitted to the Regional 
Adnlinistrator within.l5 . .days of 
determination? 

2) Were records kept of the analyses 
and evaluations, specified in the ground
water quality assessment (throughout 
the active life of the facility)? 
265. 94(b)(l) 

(a) If a disposal facility, were(are) records 
kept throughout the post-closure 
period as well? 

f) Are annual reports submitted to the Regional 

Administrator containing the results of the 
ground-water quality assessment program? 

265.94(b)(2}* 

1) Do the reports include the calculated 
or measured rate of migration of 
hazardous waste or hazardous waste 
constituents during the reporting 
period? 

*See note Page 4'-3 

No Unknown 
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r Yes No Unknown 

3. If significant differences were not due to 

I 
error, was a written notice sent to 
the Regional Administrator within 7 days of 
confirmation? 

I 4. Within 15 days of notification of the Regional 
Administrator was a certified ground-water quality 
assessment plan submitted? 265.93(d)(2)* --

I a) Does the plan specify 265.93(d)(3) 

I 
1) well information (specifics) --

(a) number? 
(b) locations? --

I (c) depths? --
2) sampling methods? 

I 
3) analytical methods? --4) evaluation methods? 
5) schedule of implementation? --

--

I b) Does the plan allow for determination of 
265.93(d)(4) : 

I 1) Rate and extent of migration of 
hazardous waste or hazardous waste 
constituents? --

I 
2) Concentrations of the hazardous 

waste or hazardous waste constituents? ----

• c) 1s it indicated that the first determination 
was made as soon as technically feasible? 

265.93(d)(5) --

• 1) Within 15 days after the first determi-
nation was a written report containing 
the assessment of ground-water 

• quality submitted to the Regional 
Administrator? --

d) Was it determined thaf hazardous waste • or hazardous waste constituents from the 
facility have entered the ground water? --

• 1) If "No", was the original indicator 
evaluation program, required by 
265.92 and 265.93(b), reinstated? 

(, (a) Was the Regional Administrator 
notified of the reinstatement of 
program within 15 days of the 

' 
determination? 265.93(d)(6) --

*See note Page 2-10 
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APPENDIX A-3 

INSPECTION COiVIPLIANCE FOR~! FOR DDlONSTRATING 

A WAIVER OF INTERIM STATUS REQUIREMENTS 

Company Name: ______________ ; EPA !.D. Number: _____ _ 

Company Address: _____________ ; Inspector's Name: _____ _ 

Company Contact: _____________ ; Branch/Organization: ____ _ 

Title: __________________ ; Date of Inspection: _____ _ 

Yes No Unknown 

1. 1s il written waiver deJJ:wnstration ki>nt At 
. - . - ' - ~ 

the site? --
2. Is the demonstration certified by a qualified 

geologist or geotechnical engineer? 
265.90(c) 

3. Does the waiver demonstration establish: 

a) The potential for migration of hazardous 
waste or hazardous waste constituents 
from the facility to the uppermost aquifer? 

265.90(c)(l) 

b) An evaluation of a water balance 
including: 

1) Precipitation? 
2) Evapotranspiration'? 

--
3) Runoff? 
4) Infiltration? (including any 

liquid in surface impoundments) 

c) Unsaturated zone characteristics? 

1) Geologic materials? 
2) Physical properties? 
3) Depth to ground water? -- --

A3-1 
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d) The potential for hazardous waste or 
hazardous waste constituents which may 
enter the uppermost aquifer to migrate 
to a water supply well or surface water, 
by evaluation of: 265.90(c)(2) 

1) Saturated zone characteristics, 
including: 

(a) Geologic materials? 
(b) Physical properties? 
(c) Rate of ground-water Uow? 

2) Proximity of the facility to water 
supply wells or surface water? 

Yes No Unknown 

A3-2 
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APPENDIX B 

GROUND-WATER \IONTTORING AND ALTERNATE SYSTEM 
TECHNICAL INFORMATION FOR:Vl 

1. 0 Background Data: 

Company Name: _____________ ; EPA !.D.#: _______ _ 

Company Address: ____________ _ 

Inspector's Name: _____________ ; Date: __________ _ 

1.1 Type of facility (check appro[lriately): 

1.2 

1.1.1 
1.1.2 
1.1.3 
1.1.4 

surflice impoundment 
landfill 
land treatment facility 
disposal waste [lile 

Has a ground-water monitoring system been 
established? 

1.2.1 ls a ground-water quality assessment 
[Jrogram outlined or proposed? 

If Yes, 

1.2.2 Was it reviewed prior to the site visit"? 

1.3 Has a ground-water quality ~assessment program been 

im[Jlemented or [lrO[JOsed at the site? 

If yes, A[Jpendix C, Ground-Water Quality Assessment 

Program Technical Information Form must be utilized also. 

2.0 Regional/Facility :Ylap(s) 

2.1 Is a regional ma[l of the area, with the facility 
delineated, included? 

If yes, 

2.1.1 What is the origin and scale of the map? 

2.1.2 ls the surficial geology adequately illustrated? 

(Y/N) __ 

(Y/N) 

(Y/N) __ 

(Y/N) 

(Y/N) 

· (Y/N) 

B-1 
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2.1.3 Are there any significant topographic or 
surficial features evident? (Y/N) __ 

If yes, describe ______________________ _ 

2.1.4 Are there any streams, rivers, lakes, or wet 
lands near the facility? 

If yes, indicate approximate distances from 

(Y/N) __ 

the facility ______________________ _ 

2.1.5 Are there any discharging or recharging wells 
near the facility? 

If yes, indicate approximate distances from the 

(Y/Nl __ 

facility·----,---------------------

2.2 Is a regional hydrogeologic map of the area included? 
(This information may be shown on 2.1) 

If yes: 

2.2.1 Are major areas of recharge/dishcarge shown? 

(Y/N) __ 

(Y/N) __ 

If yes, describe. _____________________ _ 

2.2.2 ls the regional ground-water flow direction 
indicated? (Y/N) __ 

2.2.3 Are the potentiometric contours logical? (Y /N) __ 
·u not, explain. _____________________ _ 

2.3 Is a facility plot plan included? 

2.3.1 Are facility components (landfill areas, impound
ments, etc.) shown? 

2.3.2 Are any seeps, springs, streams, ponds, or 
wetlands indicated? 

(Y/N) __ 

(Y/N) __ 

(Y/N) __ 

B-2 



J 
I 

2.1.3 Are there any significant topographic or 

I surficial features evident? (Y /N) --
If yes, describe 

I 
2.1.4 Are there any streams, rivers, lakes, or wet 

I 
lands near the facility? (Y/N) 

If yes, indicate approximate distances from 

I 
the facility 

I 2.1.5 Are there any discharging or recharging wells 
near the facility? (Y/N) 

I ·i{· yes, indicate approximat-e dis lances from the 
facility. 

1 .,, 2.2 Is a regional hydrogeologic map of the area included? 
(This information may be shown on 2.1) (Y/N) --

I 
If yes: 

2.2.1 Are major areas of recharge/dishcarge shown? (Y/N) --

.I If yes, describe. 

l 
2.2.2 Is the regional ground-water flow direction 

.I 
indicated? (Y/N) 

2.2.3 Are the potentiometric contours logical? (Y/N) 

:j 
If not, explain. 

j 2.3 Is a facility plot plan included? (Y/N) 

j 
2.3.1 Are facility components (landfill areas, impound-

ments, etc.) shown? (Y/N) --
2.3.2 Are any seeps, springs, streams, ponds, or 

:i wetlands indicated? (Y/N) --

I B-2 
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2.3.3 Are the locations of any monitoring wells, soil 
borings, or test pits shown? 

2.3.4 Is the facility a multi-comf)onent facility? 

If yes: 

2.3.4.1 Are individual components adequately 
monitored? 

2.3.4.2_ ls a Waste Management Area delineated? 

2.4 Is a site water table (potentiometric) contour map 
included? 

If yes, 

2.4.1 Do the potentiometric contours appear logical 
based on topography and presented 
data? (Consult water level data) 

2.4.2 Are groundwater flowlines indicated? •· 

2.4.3 Are static water levels shown? 

2.2.4 May hydraulic gradients be estimated? 

2.4.5 Is at least one monitoring well located 
hydraulically upgradient of the waste 
management area(s)? 

2.4.6 Are at least three monitoring wells located 
hydraulically downgradient of the waste 
management area(s)? 

2.4. 7 By their location, do the upgradient wells appear 
capable of providing representative ambient ground

water quality data? 

(Y/N) 

(Y/N) 

(Y/N) 

(Y/N) 

(Y /N) 

(Y/N)~--

(Y/N) 

(Y /N) 

(Y /N) 

(Y/N) __ 

(Y/N) __ 

(Y/N) 

If no, explain. ______________________ _ 

B-3 
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3.0 Soil Boring/Test Pit Details 

3.1 Were soil borings/test pits made under the supervision 
of a qualified professional? 

If yes, 

(Y /N) 

3.1.1 Indicate the individual(s) and affiliation(s):. __________ _ 

3.1.2 lndicate the drilling/excavating contractor, if known. ______ _ 

3.2 If soil borings/test pits were made, indicate the method(s) 
of drilling/excavating: 

• 
• 
• • 
• 
• 
• 

Auger (hollow or solid stem) 
--- .. M1.J.-:i rotary 

Air rotary 
Reverse rotary 
Cable tool 
Jetting 
Other, including excavation (explain) 

3.3 List the number of soil borings/test pits made at the site 

3.4 

3.3.1 Pre-existing 

3.3.2 For RCRA compliance 

lndicate borehole diameters and depths (if different 
diameters and depths use TABLE B-1). 

3.4.1 Diameter: _______________________ _ 

3.4.2 Depth:. ______________________ _ 

3.5 Were lithologic samples collected during drilling? (Y/N) 

If yes, 

3.5.1 How were samples obtained? (Check method(s)) 

• Split spoon 
• Shelby tube, or similar 
• Rock coring 
• Ditch sampling 
• Other (explain) 

B-4 
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3.5.2 At what interval were samples collected? __________ _ 

3.5.3 Were the de(losi ts or rock units penetrated 

described? (boring logs, etc.) 

3.6 If test pits wer·e excavated at the site, describe 

(Y/N) __ 

procedures·---------------------------

4.0 Well Completion Detail 

4.1 Were the wells installed under the supervision of a qualified 

professional? 

If yes: 

(Y/N) __ 

4.1.1 Indicate the individual and affiliation, if known. ________ _ 

4.1.2 Indicate the well construction contractor, if known. ______ _ 

4.2 List the number of wells at the site 

4.2.1 Pre-existing 

4.2.2 For RCRA Compliance 

4.3 Well construction information (fill out INFOR~ATION 

TABLE B-2) 

4.3.1 If PVC well screen or casing is used, are joints 

(couplings): 

• Glued on 
• Screwed on 

4.3.2 Are well screens sand/gravel packed? (Y /N) 

B-5 
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WELL 1'10. 

I GROUND El.E\1 A liON 

I 
TOT A I. DEPTH 

TYPE MATERIAl. ' 
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.... 
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:;:: 
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I 
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• ....... _,w 
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:Z:<::I 

r "' .... 
"- 0 TOP ELE1/ATIOIII 
0 "' 
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... 
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1 
1 4.3.3 Are annular spaces sealed? (Y /N) 

{ If yes, describe: 

• bentonite slurry 

' l • Cement grout 

• Other (explain) 

I • Thicknesses of seals 

4.3.4 If "open hole" wells, are the eased portions sealed 

1 in place? (Y /N) 

If yes, describe how: 
.• ~~ 

t 4.3.5 -Ar-e the~e-eement su-r:fe.~e seals? ('\J' f'lo.T\ 
.lJ 1, I --

1 
If yes, 

• How thick? 

4 4.3.6 Are the wells capped? (Y/N) --
If yes, 

1 • Do they lock? (Y/N) --
4.3.7 Are protective standpipes cemented in place? (Y /N) 

I 
--

4.3.8 Were wells developed? (Y/N) 

I If yes, check appropriate method(s): 

• Air lift pumping --

I • Pumping and surging --• Jetting 

• Bailing 

• Other (explain) 

l 
5.0 Aquifer Characterization 

J 5.1 Has the extent of the uppermost saturated zone 
(aquifer) in the facility area been defined? (Y/N) --

l If yes, 

5.1.1 Are soil boring/test pit logs included? (Y /N) 
j --

5.1.2 Are geologic cross-sections included? (Y/N) --

1 B-6 
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5.2 Is there evidence of confining (low permeability) 
layers beneath the site? 

If yes, 

5.2.1 Is the areal extent and continuity indicated? 

5.2.2 Is there any potential for saturated conditions 
(perched water} to occur above the uppermost 
aquifer? (Y /N) __ _ 

(Y/N) 

(Y /N) 

If yes, give details:, ___________________ _ 

a) Should or is this perched zone being 
monitored? (Y/N) 

Explain------------------------

5.2.3 What is the lithology and texture of the 
uppermost saturated zone (aquifer)? _____________ _ 

5.2 . .4 What is the saturated thickness, if indicated? ----------------

5.3 Were static water levels measured? (Y /N) 

If yes, 

5.3.1 How were the water levels measured (check method(s)). 

'" Electric water sounder 
'" Wetted tape 
'" Air line 
" Other (explain) 

5.3.2 Do fluctuations in static water levels occur? 

If yes, 

5.3.2.1 Are they accounted for (e.g. seasonal, 
tidal, etc.)? 

(Y/N) 

(Y/N) 

If yes, describe: _________________ _ 
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5.3.2.2 Do the water level fluctuations alter the 

general ground-water gradients and flow 
directions? 

If yes, 

5.3.2.3 Will the effectiveness of the wells to 
detect contaminants be reduced? 

(Y/N) 

(Y/N) __ 

Explain. ___________________ _ 

5.3.2.4 Based on water level data, do any head 
differentials occur that may indicate a vertical 

flow component in the saturated zone? (Y /N) __ 

If yes, ex!?lain _________________ _ 

Have aquifer hydraulic properties been determined'? 

If yes, 

5.4.1 Indicate method(s): 

• Pumping tests 
• Falling/constant head tests 
• Laboratory tests (explain) 

5.4.2 If determined, what are the values for: 

• Transmissivity 
• Storage coefficient 
• Leakage 
• Permeability 
• Porosity 
• Specific capacity 

5.4.3 In cases where several tests were undertaken, were 

discrepancies in the results evident? 

(Y/N) __ 

(Y/N) __ 

If yes, explain ----------------------

5.4.4 Were horizontal ground-water flow velocities 
determined? · 

If yes, indicate rate of movement 

(Y/N) 

---------------------
B-8 
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6.0 Well Performance 

6.1 Are the monitoring wells screened in the uppermost aquifer" (Y /N) 

7.0 

7.1 

7.2 

6.1.1 Is the full saturated thickness screened? 

6.1.2 For single completions, are the intake areas in the: 
(check appro[Jriate levels) 

• Upper portion of the aquifer 
e Middle of the aquifer 
11 Lower portion of the aquifer 

6.1.3 For well clusters, are the intake areas open 
to different portions of the aquifer? 

6.1.4 Do the intake levels of the monitoring wells appear 
to be justified due to [Jossible contaminant 
density and groundwater flow velocity? 

Ground-Water Quality Sampling 

Is a sampling (groundwater quality) program and schedule 
included? 

Are sample collection field [Jrocedures clearly outlined? 

7 .2.1 How are samples obtained: (check method(s)) 

e Air lift pump 
" Submersible pum[J 
• Positive displacement [JUm[J 
e Centrifugal[Jump 
co Peristaltic or other suction-lift 

pum[J 
11 Bailer 
co Other (describe) 

7 .2.2 Are all wells sam[Jled with the same equi[Jment and 
[Jrocedures? 

(Y/N) __ 

(Y/N) 

(Y/N) __ 

(Y/N) __ 

(Y/N) __ 

(Y/N) __ 

If no, ex[Jlain ______________________ _ 

7 .2.3 Are adequate [Jrovisions included to clean equipment after 
sampling to prevent cross-contamination between 
wells? (Y/N) --

B-9 
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1 7.2.4 Are organic constituents to be sampled? (Y/N) 

If yes, 

I 7.2.4.1 Are samples collected with equipment to 
minimize absorption and volatilization? (Y/N) 

l If yes, 

,) 
Describe equipment 

l 8.0 Samole Preservation and Handlino-

] 
8.1 Have appropriate sample preservation and preparation 

procedures been followed (filtration and preservation 

where appropriate)? (Y/N) 

I 8.2 Are samples refrigerated? (Y/N) --
8.3 Are EPA. recommended sample holding period requirements 

l 
adhered to? (Y /N) --

8.4 Are suitable container types used? (Y/N) --

1 8.5 Are provisions made to store and ship samples under 
cold conditions (ice packs, etc.)? (Y/N) --

I 8.6 Is a chain of custody control procedure clearly defined? (Y/N) --
8.7 Is a specific chain of custody form illustrated? (Y/N) 

I If yes, 

I 
8.7.1 Will this form provide an accurate record of 

sample possession from the moment the sample 
is taken until the time it is analyzed? (Y/N) --

I 9.0 Sample Analvsis and Record Keeping 

9.1 Is sample analysis performed by a qualified laboratory? (Y/N) --
Jl Indicate lab 

9.2 Are analytical methods described in the records? (Y/N) 

1l 9.2.1 Are analytical methods acceptable to EPA? ·(y /N) 

l 9.3 Are the required drinking water suitability parametters 
. tested for? (Y/N) --

3 
9.4 Are the required groundwater quality parameters tested for? (Y /N) 

'"' J B-10 , 
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I 10.1.2 Are all of the components of the facility identified 

I 
during the inspection addressed in the monitoring program 
documentation? (Y /N) ---
If not, explain 

I 
10.1.3 Are there any streams, lakes or wetlands on or 

I 
adjacent to the site? (Y /N) ---

- If yes, indicate distances from waste management areas 

l 

I 10.1.4 Are there any signs of water quality degradation 
evident in the surface water bodies? (Y/N) ---

~ If yes, explain 

I 
I 10 .1. 5 Is there any indication of distressed or dead 

vegetation on or adjacent to the site? (Y/N) 

I If yes, explain 

I 
~ 

10.1.6 Are there any significant topographic or surficial 
features on or near the site (e.g., recharge 
or discharge areas)? (Y/N) 

~ If yes, explain 
~ 

< 21 10.1. 7 Are the monitor well locations and numbers in 
agreement with the monitoring program 
documentation? (Y/N) 

i 
---

If no, explain 

] 
10.1. 7.1 Were locations and elevations of the monitor 

wells surveyed into some 

l known datum? (Y/N) ---
If not, explain 

1 
j 

8-12 



I , 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

10.1.7.2 Were the wells sounded to determine total 

depth below the surface? (Y/N) 

If not, explain ______________________________ _ 

10.1.7.3 Were discrepancies in total depth greater than 

two feet apparent in any well? (Y /N) __ 

If yes, explain. ______________________________ _ 

10.1.8 Was ground water encountered in all monitoring 

wells? 
(Y/N) __ 

If not, indicate which well(s) were dry _____________ _ 

10.1.9 Were water level elevations measured during the site 

visit? (Y /N) --
If yes, indicate well number and water level elevation. _______ _ 

If not, explain ______________________ _ 
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APPENDL\ C 
GROUND-WATER QUALITY ASSESSMENT PROGRAiil INFORMATION FORM 

Company Name:...'--------------!' EPA !.D.#: _______ _ 
Company Address: __________ _ 

Inspector's Name: 
; Date: ------------------- ------------·----

1. 0 Background 

1.1 List the constituents (contaminants) originating from the 
waste management area: (use separate sheet 
if necessary __________________________________ ___ 

.1.2 Have the concentrations of the hazardous waste or hazardous 
waste ...:onstituents shown significant increases in: 
'" • 

upgradient monitoring wells downgradient monitoring wells 
1.2.1 List or indicate on a map, the wells which have shown significant increases: (use separate 

(Y/N) 
(Y/N)= 

sheet if necessary) ___________________ _ 

1.3 Were the significant increases in contaminant concentration 
determined through the use of the student's t-Test'? (Y /N) If no, 

1.3.1 Explain procedure used _________________ _ 

1.4 Has the possibility of error (e.g., laboratory) been eliminated? (Y /N) 1.4.1 Explain_· _______ .:._ ______________ _ 



I 

I 
I 
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I 
I 

• 
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• 

Contaminant Characteristics 

2.1 If available, list the chemical and physical properties 

of the contaminants which have been detected in the 

ground water: (density, solubility, etc.). Include on a 
separate sheet if list is extensive _________________ _ 

3.0 Implementation of the Assessment Program 

3.1 flas the extent of the migration of hazardous waste or 

hazardous waste constituents been determined? 

If yes, 

3.1.1 Indicate how: (check appropriate method(s)) 

• additional ground-water monitoring 
'Wells 

• geophysical methods 
• computer simulation 
• other, explain 

3.2 Were monitoring wells installed? 

If yes, 

3.2.1 Record monitoring well/peizometer 
completion data on INFORMATION TABLE 

C-1. 

3.2.2 Were well clusters (nests) used or were wells 

with multiple intake areas constructed? Give 

(Y/N) 

(Y/N) 

details ________________________ _ 

. 3.2.3 Show the numbers and locations of the additional 

wells/peizometers on a site map. 

3.2.4 Are the locations of the wells/piezometers justified 

in view of the water table or potentiometric 
surface map? (Y/N) 
Givedetailli ____________________________ _ 
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3.2.5 Are the depths of the monitoring wells/ 
piezometers justified due to the relative 
characteristics (e.g., densities) of the contaminants? (Y/N) 

Give detai~---------------------------------------------

3.2.6 List any other methods (e.g., soil sample analysis) 

used to document the extent of the contamination. 
(use separate sheet if necessary) ___________________________ _ 

Has the rate of contaminant migration been determined? (Y/N) 

If yes, what is it and how was it determined? ________________________ _ 

3.3.1 Does the rate of migration differ for various 

contaminants? 
Give detai~ 

(Y/N) 

----------------------------------

3.3.2 If known, what is the cause (reason) of (for) this 
differential in migration rates? ___________________________ __ 
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APPENDIX- D 
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1.0 

1.1 

APPENDlX D 

WAIVER DEMONSTRATION TECHNICAL INFOR~IATION FOR:vl 

Site Characterization 

Regional Map (U.S.G.S., 7.5 min. Topographic Quadrangle Map, or similar) 

showing facility location with water supply wells near the 

facility indicated. 

1.0.1 Are there discharging wells near the facility? (Y/N) .JL 
If yes, give distances to wells---------------

1.0.1.1 Which aquifers in the vicintiy provide water 
supplies? __ _.JrJ4..&::;._ _____________ _ 

1.0.1.2 What is the estimated withdrawal/diversion) 

rate from these aquifers? _ __,;v~1w.JC4:::"'---------
. I 

1.0.2 Are there any streams, rivers, or lakes near 
the facility? 

Regional Hydrogeologic/Surficial Geologic Map 

1.1.1 Is the surficial geology adequately illustrated? 

1.1.2 Are areas of recharge/discharge shown? 

1.1.3 Is regional groundwater Qow direction indicated? 

1.1.4 Are the water table or potentiometric 
contours logical? 

(Y/N) -1-

(Y/N)~ 
(Y/N)Jft!.5 

(Y/N)*5 

(Y/N)*S 

D-1 
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1.2 Map of Facility (scale at least 1" = 200'), showing the locations of 

facility components (e.g., surface impoundments, and disposal 

areas), and groundwater monitoring wells, springs, seeQs, streams, etc. 

1.2.1 Is the facility a multi-component facility? (Y/N) _d_ 

1.2.2 Are locations of test borings (or pits) and observation 

wellsshown? (Y/N)~ 

1.2.2.1 Are borings, pits, or wells located in or near 

_the waste management area? 

If yes, 

1.2.2.2 Do the borings, pits, or wells appear to be 

of such number, and deQth to adequately 

characterize the substrate? 

(Y/N)+ 

(Y/N) -i-
Give brief detail ________________ _ 

1.3 Boring Logs and Geologic Cross Sections 

1.3.1 Are there logs of the borings or test pits? 

1.3.2 How are the sub-surface materials described: 

(check as appropriate) 

1.3.2.1 Unified Soil Classification System _L 
1.3.2.2 U.S.D.A. Soil Classification System 

1.3.2.3 Burmeister Classification System 

(Y/N)f 

1.3.2.4 Other (explain) ________________ _ 

1.3.3 Are geologic cross-sections included"? 

1.3.4 Is there evidence of confining (low permeability) 

layers beneath the facility? 

2.0 Waste Characterization 

(Y/N)* 

(Y/N)-T 

2.1 Has the waste material been stabilized in any way to preclude . 

the potential of leachate being generated? (Y /N) _A/_ 

lf yes, briefly explain methods __________________ _ 

D-2 
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' 2.2 Have specially engineered features been incorporated into the facility design to minimize the migration of 
(Y /N) ___tj_ leachate? • If yes, briefly explain 

I 3.0 Water Balance 

• 3.1 Is precipitation data included? (Y /N) :l!£. ~ 
3.1.1 How is it tabulated? (check one) 

I .. Daily .. Weekly 
-;;T • Monthly 

I II Annually --
::\ r 3.1.2 Source of data (check one) 

I .. U.S. Weather Service --"' State Agency --I • Other Source 
Identify 

I 3.1.3 Length of record, in years --

• 3.1.4 Distance of measuring point from the 
facility --

3.2 Is actual evapotranspiration (AET) data included? (Y/N) A I 3.2.1 Is the source of AET data indicated? (Y/N) 

• If yes, give reference 

• 3.3 Is run-off calculated? (Y/N) -A)_ 
3.3.1 Is the technique referenced? (Y/N) 

t If yes, give reference 

)1 3.4 ls infiltration data included? (Y/Nl _b./_ 
\ 3.4.1 Is source of data referenced? (Y/N) ,. 

• If yes, give reference 

j 
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3.5 Is there a positive net infiltration recorded? (Y/N) 
~ 

7 

If yes, how much? ________________________________________________ _ 

4.0 Unsaturated Zone Characteristics 

4.1 Has the applicant demonstrated that the unsaturated "VfYV-"cd C<ft'-' c'{;r 
zone will isolate any waste de. rived leachate from the ~ LD · 

~. chemically or physically? . (y /N) 

· f _y/.· _/ 8 
Briefly describe mechanism(s) 'fO I 0 c ~ - Pf,ervt~ &< eq 

t,L,O•.Jra.-.1 {Yj!i,e~f f1ve"Jl cfa} Med~!lr' 

4.2 Physical Properties 

4.2.1 Has the applicant defined the unsaturated thickness 
and areal variability? · (Y/N) * 
Briefly describe ______________________________ _ 

4.2.2 Has the primary and secondary porosity (if any) of the 
unsaturated zone been determined? (Y /N) M 
Briefly describe ________________________________ _ 

4.2.3 Have hydraulic <il!lnductivity curves for each sediment 
type comprising the unsaturated zone been 
established? (Y /N) ...::j_ 

4.2.4 Have textural analyses been performed? 

4.2.5 Have bulk densities been estimated? 

4.3 Chemical Properties 

4.3.1 Has cation exchange been cited as an 
attenuation means? 

If yes, 

4.3.1.1 Type of clay 

4.3.1.2 Percent of clay 

4.3.1.3 Percent of organics 

4.3.1.4 pH of materials 

(Y/N)-1-

(Y/N)+ 

(Y/N) __tY_ 
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4.3.2 Have other attenuation mechanisms, if any, been 
adequately explained? 

lf yes, cite mechanism: 

4.3.2.1 Biodegradation 

4.3.2.2 Complexation 

4.3.2.3 Precipitation 

4.3.2.4 Chelation 

4.3.2.5 Other 

5.0 Saturated Zone Phvsical Characteristics 

5.1 Have the saturated zone hydrologic properties been 
determined? 

If yes, were pumping tests performed to determine (check 
appropriate determinations and give results) 

5.1.1 Transmissivity 

5.1.2 Hydraulic Conductivity 

5.1.3 Storage Coefficient 

5.1.4 Leakage 

5.2 How many tests were performed? 

(Y/N) H 

(Y/N) -1-

5.2.1 The duration(s) of test(s) ------------------

5.2.2 The length(s) of the recovery test(s) ____________ _ 

5.3 Were other insitu tests performed? 

(check appropriate tests) 

5.3.1 Falling head tests 

5.3.2 Constant head tests 

5.3 .3 Packer tests 

5.3.4 Other 

(Y /N) ...fJ_ 

Explain _______________________ _ 

5.4 Was the saturated tilickness determined? (Y/N)+ 
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5.5 Are static water level measurements included? 

5.6 1s a site water table <;quipotential) contour map included? 

5.6.1 Does the contour map appear logical based on the 

presented data and topography? 

5.6.2 Are groundwater flowlines indicated? 

5.6.3 Are hydraulic gradients included? 

5.6.4 Are flow velocities included? . 
5.7 Is there any indication of vertical flow in the saturated zone? 

5.8 Saturated Zone Chemical Properties of Ground Water 

5.8.1 Have water quality analyses been performed to 

establish background data? 

5.8.2 Dues background infocmation indicate that the 

aquifer may be degraded in any way? 

6.0 Computer 'v1odeling 

6.1 Was a computer simulation utilized in the demonstration? 

Check appropriate model: 

6.1.1 Mass transport 

6.1.2 Flow model 

6.2 Type of model? (check appropriate type) 

6.2.1 Numerical 

6.2.2 Analytic 

Reference for model"? [2 ( -C-fu ·;,-a.~ 
f-rra.J - ProFe?5or U b fl.1 

6.2.3 

(Y/N)* 

(Y/N)+ 

(Y/N)* 

(Y/N)+. 

(Y/N) _}J_ 

(Y/N) _!)_ 
(Y/N)+ 

(Y/Nl+ 

(Y/N) J:J_ 

(Y/N)+ 

6.2.4 Does the data appear to warrant the use of modeling 

techniques? (Y/N) -1-
lf not, explain----------------------
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HYDROGEOLOGICAL EVALUATION 

The facility was issued a partial waiver to the groundwater 
monitoring requirements of 40 CFR 265 Subpart F by U.S. EPA 
in 1985. This partial waiver consists of the following: 
Annual monitoring of wells 5-D, 5-S, 2-D, 2-S, 102-D, 103-D, 
amd 104-D for cadmium, cyanide (complexed), hexavalent 
chromium, lead, napthalene, nickel, phenol and static water 
level. 

The facility was issued an operating license under Michigan 
Act 64 in 1982 which required a full groundwater monitoring 
program~ This requirement, as well as many others, was 
contested by Ford. As such, they were not required to comply 
with that program until such time as a contested case hearing 
was held to resolve the matter. To date, no such hearing has 
been held and Ford has not monitored the site groundwater as 
required by their operating license. The requirements of the 
U.S. EPA partial waiver have been met. 

Ford submitted a reapplication for a new operating license in 
1986. As part of this application, they requested a waiver of 
the groundwater monitoring requirements under R299.9611(3)(b) 
and 40 CFR 264.90(b)(4). 

Both Act 64 and RCRA contain provisions for waiving the 
requirements of a groundwater monitoring system for land 
disposal facilities which are located in areas with favorable 
geological conditions. A waiver is to be granted when the 
Director finds that there is no potential for migration of 
liquid from the regulated unit to the uppermost aquifer 
during the active life of the regulated unit (including the 
closure period) and the post-closure care period. 
[R299.9611(3)(b) and 40 CFR 264.90(b)(4)] 

MDNR intends to grant the waiver request. The remainder of 
this report will discuss the site conditions and investigat
ions performed which are the basis for the granting of the 
waiver~ 

Discussions have been ongoing for the last five years between 
the company and MDNR in order to develop a sufficient data 
base for a determination to be made regarding the usefulness 
of monitoring the "uppermost" aquifer. Site conditions have 
been shown to include a minimum of thirty feet of natural 
clay beneath the lowermost portion of the landfill. This 
clay possesses a hydraulic conductivity of 6.0x10-8 em/sec or 
less at all points. The ''uppermost'' aquifer is located 
approximately 70-85 feet below ground surface and is composed 
of one to six feet of medium sand. It is highly confined with 
a potentiometric surface at or above ground level& There are 
no known domestic wells completed within this aquifer due to 

1 





poor water quality and yield. The company was asked to 

demonstrate the existence of the upward gradient throughout 

the confining clay unit. The installation and monitoring of 

three piezometer nests has demonstrated the existence of an 

upward gradient of 0.1 to 0.2 ft/ft through the clay unit 

from the uppermost aquifer. Modelling has also been performed 

by Dr. Donald Gray (University of Michigan) to evaluate the 

significance of chemical diffusion. This modelling has shown 

that it will take approximately 1000 years for leachate 

constituents to reach the uppermost aquifer at 1/lOOth their 

original concentration~ These numbers are based on worst case 

scenarios of a failed leachate collection system and no 

adsorption of chemicals on the soil matrix. 

It should be noted that other early detection monitoring 

systems will be in-place to assure no leakage from the 

regulated units. They include: 

-Surface Water monitoring 

-Soil monitoring 

-Air monitoring 

-Lysimeter monitoring (Cell 1) 

-Leak Detection monitoring (Cell II) 

-Potentiometric monitoring of the uppermost aquifer will be 

required on a regular basis to verify that the conditions 

on which the waiver is granted do not change. 
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Contour Interval 5 Feet 
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Disposal landfill 

Allen Park, Michigan 
Wayne County 

Figure 2 

1 
.. 
. 

fi 
I 





' MICHIGAN TESTING ENGIN&:I'UUt. INC:. 

GLACIAL FEATURES OF 

WAYNE COUNTY, MICHIGAN 

LEGEND 

Early Alluvium 

Muck and Peat 

Pleistocene terraced Stream Gravel 

Margin of Water-laid Moraine now veneered with lacustrine 
sediments; barbs point toward feature 

Margin of Former Delta; barbs point toward feature 

Beach Sand; includes some duna sand 

Glacial Lake Shorelines; dashed line where doubtful or 
poorly defined 

Cloy Ridges 

Moraines 

Ground Moraines 

Kames 

Outwash and Glacial Channels 

Lacustrine and Delta Sand 

Lacustrine Clay 

Locusfdne and Delio Loom 

Boulder Bells 
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MICHICAN TESTING! IE:NOINIUlJIIIfl. INC. 

GLACIAL DRIFT THICKNESS MAP OF 

WAYNE COUNTY, MICHIGAN 
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by 

ANDREW J. MOZOLA 

and 

EUGENE I. SMITH 

Wayne Stale Universily-1961 
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TOPOGRAPHY OF THE BEDROCK SURFACE 

OF WAYNE COUNTY, MICHIGAN 

by 

ANDREI'/ J. MOZOLA 

Wayne State University ~1967 
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MICHIGAN Tit$TING II!:NGINEI!lUi, INC:. 

LEGEND 

COLDWATER SHALE 

SUNBi.RY SHALE 

BE:REA SANDSTONE 

BEOFORO SHALE 

ANTRIM SHALE 

OIJNDEE LIMFSTDNE 

OITROIT RIVER !JOI.OMITE 

BEDROCK GEOLOGIC MAP 

OF WAYNE COUNTY, MICHIGAN 
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MJ:r "CENTENNIAL MAP OF SWTHERIV PENN!NSULA 

OF MICHIGAN" lflifh modl!icctions bOS.ed on new dolo CoriO

grophy 1:!f Don 14{ Walchalll, Departmerll of Geology, Wayne 

Stote f.Jnivf!rsify, Oelroif, flkhti;cn, 1968, Revision of con

tacts by Andrew .J. Mo.rokJ. 
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REGION 5 

230 SOUTH DEARIIORN ST. 

CHICAGO, ILLINOIS 60604 
ii.EPLY TO THE ATii:.STIO!»i OF: 

5HE-12 

Ben c. Tretheway, Manager 
Mining Properties Department 
Ford f1otor Company 
3001 Miller Road 
Dearborn, Michigan 48121 

Re: Ford Allen Park Clay Mine 
Groundwater Monitoring Waiver 
MID 980 568 711 

Dear Mr. Tretheway: 

This letter is in response to the groundwater waiver demonstration for the 

above-referenced facility. The waiver demonstration was complete on receipt 

of the revised introductory page dated October 10, 1985, by the United States 

Environmental Protection Agency (U.S. EPA) 

The waiver has been reviewed by the Resource Conservation and Recovery Act 

(RCRA) Enforcement Section. From our review, we feel that the groundwater 

monitoring requirements as specified in Subpart F of 40 CFR 265 may be partially 

waived for the Ford Allen Park Clay Mine facility. This is based on a low poten

tial for migration of hazardous waste or hazardous waste constituents from the 

facility via the upper-most aquifer to water supply wells or to surface water. 

The acceptance or denial of a waiver is based primarily on site-specific 

hydrogeology. A partial waiver was accepted for the above-referenced facility 

based on the following hydrogeological findings: 

P.Az.w;.sTE: Dl'f 

1. Lacustrine clay directly underlies the site to a depth of 
approximately 25 to 80 feet. It is predominantly (CL) soil, 

15 to 25% sand, and hag a vertical cgefficient of permeability 
ranging from 1.8 x 10- to 4.1 x 10- cm/s and a horizontal 

coefficient of permeability ranging from 3.6 x Io-8 to 8.2 x 10-8 

cm/s. The clays are saturated with water which appears to be 
from the underlying aquifer. Horizontal hydraulic gradients 

within the clay are minimal except in the upper 10 feet, where 

flow is to the north. Vertical hydraulic gradients are upward. 

2. The uppermost aquifer underlies the lacustrine clay. It is a sand 

layer ranging in thickness from 1 to 6 feet. It contains slightly 

mineralized water with total dissolved solids of approximately 





:; 

- 2 -

1500 mg/1. It is artesian with a piezometric surface several feet 

above the land surface. 

3. Runoff from hazardous waste areas is collected within the cells, 

sampled, and put into the Detroit sanitary sewer system. 

4. There are no groundwater withdrawal wells in any formation within 

a 3 mile radius of the facility. 

Because this letter represents the acceptance of only a partial waiver, some 

groundwater monitoring must be implemented in order to detect any hazardous 

constituents that may have entered into the groundwater. An appropriate monitor

ing plan would be annual sampling and static water level measurements of upgradient 

wells 5-D and 5-S and downgradient wells 2-D, 2-S, 102-D, 103-D and 104-D for the 

following waste-specific parameters: cadmium, cyanide (complexed), hexavalent 

chromium, lead, napthalene, nickel, and phenol. Results from the sampling should 

be su~~itted to the U.S. EPA with a short discussion pertaining to the results. 

Sampling should commence immediately with the results submitted to the U.S. EPA 

by February 28, 1986. 

This letter approves the partial waiving of groundwater monitoring requirements 

as specified in Subpart F of 40 CFR 265 only and does not endorse or represent 

support for the waiving of groundwater monitoring requirements of 40 CFR 264 in 

any way. Any additional information pertaining to the hydrogeology or ground

water quality of the site that bec~nes available may result in this partial 

waiver acceptance being reconsidered. 

Also note that the complete groundwater waiver demonstration, including the water 

balance calculation, piezometer study, hydrogeological study, contaminant trans

port study, and all other exhibits must be kept at the facility (40 CFR 265.90(c)). 

Please contact Marian Barnes of my staff at (312) 886-7568, if you should have 

any questions regarding this matter. 

Sincerely yours, 

-'l-1 (.. r~ '1tt U-~ 
William E. Muno, Chief 
RCRA Enforcement Section 

cc: A. Howard, MDNR 
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NEYER, TISEO &. HINDO, lTD. 
CONSULTING ENGINEERS AND GEOLOGISTS 
~ 1HO IIIII!® Ill- • fcsrmingl"" Hille, lllilehl~n ~ • pn)471-07M 

Mu-ch 29, 1985 
Project ~. 14185 ~ 

Mr. David S. Miller 
Mining Properties Department 
Rouge Steel Company 
3001 Miller Road 
Dearborn, Michigan 48121 

RE: Vertical Hydraulic Gradients 
Allen Park Clay Mine Landfill 

Dear Mr. Miller: 
~-• 

J!PI.OM£ C N£¥1:111. P 1! 
R11>4EDIC't 'ftS.E.O P E 
AA.L PI MONDO P f 
~)AvE ~A P( 
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GEORGE Ji\ II'.UI'<li<LE P't· D 
WAYNE A e.E~OSTF!Qt.O P [ 

M LVNI&QI)IIIlNE CI"C. 

!WI V IMATMEP.S 

fti:IIINANOO SOUTO P £ 

i'Q6EFI1 F GORMAN 

GEFI.ALO .J MILL P [ 

STEVENW MUN"!" P£ 

HAAAY R. P~ICE f> E 

~ES M SHOI/EL Y P E 
J M SMALLEY PIE 

I(EITM M SWAFF&..A P E 

In accordance with your request, we have completed the instal

lation of piezometers and the evaluation of the hydraulic 

gradients in the natural clay deposit at the Allen Park Clay 

Mine Landfill. This work was performed in general accordance 

with• our proposal, c'!ated October 22, 1984, and vas authorized 

by you on January 16, 1985. The inforaation, ~valuations and 

conclusions presented herein have been prepared according to 

generally accepted geotechnical engineering practices and are 

provided for the exclusive use of the Ford Motor Company, the 

o.s. Environmental Protection Agency and the Michigan Depart

ment of Natural Resources. 

Bl\C!.GROUND 

!rhe 9eneral subsoil profile at the site eonsil!lts of an upper 

sand, replaced by fill in some areas, underlain by an extensive 

silty clay deposit which is, in turn, underlain by a lower sand 

deposit. This lower sand is sometimes found· in eonjunction 

with a highly overconsolidatea clayey silt deposit, locally 

termed hardpan. On the basis of the information obtained 

during the piezometer installation described herein as well as 

information presented in a report entitled Hydrogeologic Study

Allen Park Clay Mine, by Michigan 'resting !ng1neen (MTE) and 

dated November 24, 1981, the thickness of these deposits at the 

location of the three piezometer nest locations can be des

cribed as follows: 

Opper Sands - 3 t.o 1 £eet 
-13ilty Clay - fiS to 70 f.et 

... -.Lover Sands - J to -6 .1eet or SIIIOU! 

Grcn.uu~-ter levels :bne ·.l:leen 1110nito~ in the upper and .lower 

sands at t:he site ~or .-.toolelust.,llutveral .,-e-ar~ (M'i'E, 1911). 

".these .levels indicate ·that ~!tlun:e ill lll. saturated cl£0ne .iB ~e 

.upper sand. illt .lea at .01:1 .lll. illeaaozut.l bui111. · The lover ·•and 

contdna groundwater ~r 11rtellian ~~il!.lir!! .. ,n.~ 1.!•=~t":Jc ·. 
-l•v•l• •t .or ~e UK. •romld sa:rhee. ·c.·<'·.· ··• .~·: ··· .. ····- ·<,··. ·. 

G~ICAI.. • HVOROOEOI.OOICAl·li'IOOI'lNG • I>H/0 ~ YA'Teii!AI.S !XINSULTAI'>In 
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Based upon these data, an upward hyduulic now gradient hu 
been considered by Rouge Steel Company (in permit submittah) 
to exil!t at the site. In other words, groundwater apparently 
flows from the lower III!Uld upward through the clay Clepollit to 
the upper sand. Michigan Department of Natural Resources 

· (MDNR) staff have requested that the existence and direction of 
natural flow gradients within the clay deposit at the site be 
confir!M~d with the use of three pie%OI!'Ieter nests wherein 
piezometric preanures at various depths within the clay 
deposit would be monitored. Because of this request by MDNR 
staff, Rouge Steel Company retained Neyer, Tiseo ' Bindo, Ltd. 
(NTH) to install and monitor such a piezometer system. 

PIEZOMETER SYSTEM 

The piezometer system consists~£ a piezometer installed near 
the top, middle and base of the natural clay deposit beneath 
the site. This 9rouping of three, considered a "nest•, hu 
been duplicated at three different locations on the site, 
resulting in a total of nine piezometers set in the clay 
deposit. Each nest is located near an existing monitoring well 
pair~ consisting of a shallow and a deep well. Their approxi
mate locations are presented on the Piezometer !lest Location 
Plan, Plate 1. Each piezometer is identified first by the 
number of the well pair and second by position in the nest, 1 
indicating deep with 3 being shallow. 

The drilling and piezometer installation was performed by West 
Michigan Drilling during the period of February 13 through 
February 20, 1985 under the full-time supervision of personnel 
from wm. Ground surface •nd top of casing elevations have 
been provided by llouge Steel Company. 

A trailer-mounted CME-55 drilling rig with 8-inch diameter 
hollow-stem augers was used to drill the piezometer boles. A 
1 imi ted number of eoil samples were recovered to identify the 
depth of the upper sand/clay interface and to verify the soil 
type at the placement depth. The locations of samples re
covered are Teported on the logs. 

Soil conditions encountered in the test borings were visually 
evaluated in the field and are ~resented on the individual Logs 
of Piezometer Installation, Figures 1 through 9. In addi
tion, the logs present data relating to drilli~ Detbods, 
persoru~el involved ;mnd 1Jrouting procedures. '!'be stratification 
,lines _shovn on the logs repreaent the epp:ro:duate boundary 
bet-en 110il types but ~e transition JHY be ~radual. ~neral 

· 1kltee desc:d.bing the DtiiiiiUUlc:lature u.aed :l.n the 10911 m:e alllo 
~Deluded herein &II .~xhibit 1. 

• 
~e general procedure for the pie&oaeter Installation involved 
1/h:illbg down to & ll!epth .of~ tbe .clulred Up 

• 
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placeil\ent elevation. A IIIU!lple was taken at thh point to 
verify the characteri11tics of the soil within which the piezo
Meter was to be installed. The augers were then removed 
until only ten or fifteen feet remained in the bole. Silica 
sand was then poured into the bottom of the hole until the !land 
backfill reached the desired tip elevation. The piezometer was 
inserted and an 111ddi tional tw to three feet of the hole was 
filled with lllll.nd. Bentonite pellets wen pll'lced to provide a 
Ileal, in some cases, and the hole was then grouted to the 
CJjround 111urface with non-shrinking cement grout. A four foot 
IIU!ction of S-inch diueter Schedule 40 PVC cuing was posi
tioned at the ground surface to protect the leads of the 
piezometers. 

The piezometers are pore-pressure transducers which convert 
fluid pressure in the soil to l>P.neumatic pressure which can be 
aonl.tored at the ground surface using a COII!pressed nitrogen 
IK!urce. They are a pneumatic, diaphragm type with a Norton 
Alundum filter and triple tubing and are manufactured by SINCO, 
Model No. 514178. 

PIEZOMETRIC DATA !VALUATION 

The piezometers and associated well pairs were IDOnitored by 
personnel from NTB on several occasions. This data is pre
sented in Table 1. The data obtained on the last date shown in 
Table 1 indicates that the pore water pressures adjacent to 
each piezometer had achieved near-equilibrium or stability 
after having been temporarily disturbed during drilling for the 
piezometer installations. This latter set of data bas there
fore been chosen for presentation in Plates 2 through 4, 
entitled Piezoaetric Data Illustration, Fiest No. 2, 5 and HI, 
respectively. Note that in preparation of these illustrations, 
the shallow wells have been depicted as yielding water levels 
representative of the water levels in the upper sand even 
though they were completed in clay. This is considered appro
priate because the available data (MTE, 1981) on these shallow 
wells indicates that they were constructed with a sand-filled 
borehole annulus, thus effecting a hydraulic connection between 
the upper sand and the shallow well screens. In addition, the 
upper sand and lower granular deposits were assumed to possess 
little or no vertical hydraulic gradient. 

Evaluation of the data ~esented on Plates 2 through 4 yields 
:11ever&l important observations: 

''·· 
A pronounced npward hydraulic .gradient is apparent at 
all three locations. ·. 

• 

. :Rat NEYER, TISEO &ltiNDO,lTD. 





'- ,,. 
-·---------

.. "' .. 
i • . 

~ ~ l • .., .. ~ .; . 
"' .. l ~ Ill ~ 

' I .. ... "' .. "" ... . • . • . • I 

' I ' ~ 
... 

' i. ~ 
... i I Ill ~ 

I .. "' 
.., .. - - - I • • • 

~ 
• • . 

; ~ ~ - - -' ' Jl ill " 
.., ., 

"' .. - .., 
"' I ' 

. • 
' .. . . • 

' - .... "' ll "' "" :11; Ill II! II iFl fl 
. f 

"' 
\>-· ... "'l I i 

. 
~ "' ~ 

~~~ .. f . lj ... ; 

$ I 
u~i ! 

r:l~i - ... "': .. N ... .... "' ": . . . . . • I ... 
~ 

... - - .. - ... - -~ J; II; Ill m !li II Ill 
~ ;:1 f 

~~~ .. - ~ "' ... .., ... .. ... ... . • • . . . • ., ... ... .. ... "' ~ 
., 

il "' II I! I! Ill Ill llll li 1: 

• .. '"'.: "'! "' ... - - "! - "! . . . • . . 
l ... jl 

.., 
~ 

... I ... .... 
~ II! !;; II! ll Ill 

... .... ": ": i .;, 
!l 0 

I! Ill 

": 
ll 

... "' ~ ".: ... • ..; • 
• • 

.., 
"' I I ' I I! I 11 I! 

": .... ., -.... .... .. . • • • • • I ' I I . -- -- I --~ :ll It 

( 

fl- ..,.._,.,., __ tt\ 

I I ,I ! i a ~ ,; i i { 

i 1 I J ll.i i I I ~~-~; 
1$.' ) 

' 

"'· 
... -..,:.' -~-. _- . 





\ 

Mr. David s. ~iller 
~reb 29, 191!5 
Project No. 8~185 ow 
hge 4 

The upwar~ flow gradient in the cl~y deposit is very 

nearly linear, suggesting a somewhat homogeneous 

deposit, at hut with regar~ to vertical hylh:aulic 

conductiv 1 ty. !H.mUnly, all three locations yield 

upward hydraulic 9r11dhnt111 that are of the 111ame 

general magnitude. 

There appears to be 1ome discontinuity of the hydrau

lic gradient with regard to piezometric levels in 

tbe upper and lower 111and, most probably due to 

seasonal variability. 

~ elaborate, it can be seen that the estimated upward hydrau

lic gradient in Nest Nos. 2, 5 and 10 are 0.21, 0.11 and 0.20 

ft .fft., respectively, bued solely upon the piezometric data 

in the clay deposit. If we ~stimate the upward hydraulic: 

caradient on the bash of the ;tezometric: levels in the upper 

and lower sand deposits, these values are 0.19, 0.12, and 0.10, 

-respectively. '!'he differences between these two sets of 

bydraul ic gradient data may be related to big her than normal 

water levels in the upper sand due to the seasonal weather 

conditions (snowmelt) which preceded the acquisition of the 

subject data. Bence, the hydnul ic gradients based upon the 

piezometric data in the clay deposit most probably reflect the 

"normal• conditions, since these piezOO\etric levels should be 

far less responsive to seasonal variations. 

The deep well at Nest No. 10 is yielding water levels lower 

than expected on the basis of the piezometric: levels observed 

in the clay. When originally installed in March, nn. this 

well was reported ~MTE, 1981) to exhibit piez0111etdc levels 

~ear Elevation 602. ~is would correspond very well with the 

piez011et.r ic data in the clay. According to information frOO\ 

~uge Steel Company, the piezometric level in this well dropped 

suddenly in 1982. The well was subsequently damaged in the 

spring of 1983. Bence, it is impossible to ascertain from 

available data whether the piezometric level currently observed 

in this well is erroneous. 

The hydraulic gradients depicted on Plates 2 through 4 can be 

used to estimate a piezometric level at the same elevation in 

each location. Choosing Elevation 560 for instance, such an 

estt.ation yields piezO!Iletric levels of 589.2, 592.6, and 589.7 

at ~st Mos. 2, s. and 10, -respectively. This 11uggests that a 

4reey grmdual horbontal hydraulic iA!rmdient llllllY nil!lt 'Within the 

i::lay ~sit, at leut vith rupect to the date of piu0111eter 

:c&onitori~g. ~e 1Urection of ctbh Jjlradient is essentially 

zorthvard. However. it ,sbouHI obe -noted_ that the possible 

~elocity of flow •Ddfor ~uantity of 1low in a borlzontal 

' 

• 
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direction within the clay deposit due to this gradient would be 
very ~mall, especially in eompari1on to vertical migration or 
horizontal flow in the underlying granular ~eposit. It ehould 
&ho ~ noted that the put el!cauHon and filling activities 
on the site have, or will, distort horizontal and vertical flow 
conditions in the clay deposit in the immediate vicinity of the 
excavations. 

In a report entitled •containment Intetrity of Allen Park Clat 
Mil'le/LandfUP (July, 191!3), br. bOna d B. Gny i!liscussed t e 
upward hydraulic: gradients at the subject site, with particular 
err.phasill on the potential for downward contaminant 111igration 
despite upward hydraulic gradients. In that report, he evalu
ated such potential contaminant migration under upward hydrau
lic gradients imposed by the landfill ezcavation. Be went on 
to discuss a •worst case• where the upward gradient would be 
appro:!dmately 0.3 ft./ft. if leachate levels in the ll!.ndfill 
were allowed to reach the grounl"surface. 

'rhe dati'! presented herein indicate upward hydraulic gradients 
through the native, undisturbed clay deposit to be roughly 0.1 
to 0.2 ft./ft. If the thickness of the clay deposit is reduced 
due ;to excavation and leachate levels within the landfill are 
precluded from elltceeding the water level in the sand at the 
surface of the ll!lite, then the imposed upward gradients will 
approximate or exceed his "worst ease• • i.e. his lowest 

( gradient. Hence, maintenance of leachate collection systems 
'- will help assure that vertical flow beneath the landfill cells 

is upward, with induced hydraulic gradients similar to those 
presented by Dr. Gray {1983). 

If you have any questions, please !5o not hesitate to eontact 
us. 

Very truly yours, 

NEYER, 'TISEO & BINOO, LTD. 

~1-~~ 
Liane J. {hekter 

LJ~, R- R... ~4~ 
Wayne R. Bergstrom, P.E. 

LlSf'WRB/pp 
Attacl:ments 

NEYER.tiSEO It MiNDO,lTD. 
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l!ouklors 
Co!>biM 
Gravel . Coarse 

f1ne 
Sand Coarse 

Med1um 
F1ne 
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NEYER, TISEO & HINOO, lTD. 

GENERAL NOTES 

lERIAINOLOOY 

Greater than 12 Inches (305mm} 
3 inches (76.2mm) to 12 inches (30Smm) 
314 inches (19.0Smm) to 3 inches (76.2mm) 
No.4- 3116 inches (4.75mm) to 314 inches (t9.0Smm) 
No. 10 (2.0Qmm) to No.4 (4.75mm) 
No. 40 (0.425mm) to No. 10 (2.00mm) 
No. 200 {0.074mm) to No. 40 (0.425mm) 
O.OOSmm to 0.074mm 
less than 0.005mm 

COHESIONLESS SOILS 

~ •. l>enlllty _,, ... 
The majof s.mt eoostituem is the principal noun, 
i.e. sand, &itt, graveL The second major soil 
c:onstiluent and other mii"IOf constituents are 
repo<ted as lollows: 

• Claullication Denalty '10 

Second Major Conetilu""l Minor Constituents 
• ~ by weight) (percent by weight) 

Trace. 1 to 12% Trace. 1 to 12% 

Little • 12 to 23% 

Very Loose 

Compact 

Very Compact 

0-15 

16-35 

35·65 

66-65 

66-100 

14>Pfoxii1Ulte 
Fla"'l"l>i(N) 

0-4 

5-10 

11·30 

31-50 

Over so 
Adjeclive - 12 to 35% 

(clayey. silty. etc.) 

And -Over 35% 
Some • 23 to 33% Relative Density of Cohesion~ss Soils is based upon the evatuatton of 

the Standard Penetration Resistance {N), modified as required tor 
depth effects. safOPing effects, etc. 

COHESIVE SOILS 

H clay content is sulf~Ctenl so !list clay dcminates soil properties. clay becomes tile principal noun wtth tile - mojo< soil 

constituent as modifier: i.o .. Silty clay. Other minor soil cons1rtuents mey be included in ~ wtth tile classification 

ll<eakdown for cohensionle<s soils: i.e .. silty clay. trace of sand. little gr.MII. 

Unconfined Com~ 
C'.:on.aistency 

Very Soft 
Soft 

Strength (pol) 

Below 500 
500-1000 

1000-2000 
2000-4000 
4000-8000 
8000-18000 
Over 16000 

AppromiU!o 

!lange "' (N) 
0-2 
3·4 

Medium 
Stiff 
Very Stiff 
Hard 
Very Hard 

5-8 
9-15 

16-30 
31·50 

Over 5I) 

Consislency 1>1 cohesive ooils is based upon an """luation of tile observed nssislance 1<> - under toed and not upon 
llle Standard Penetration FlaSISianCe (N). 

SAMPLE llESlGNA TIOHS 

AS • Auger Sample • Diroctly !rom IIUgOflliglit. 

liS . I\Aiscellaneous Samples • - "' lllog. 
S • Spirt Spoon Sample with Liner w-t- ASTM 0 15116 

I.S • Liner Sample s with - - 3 inches in tenglll. 
ST - Shelby Tulle Sample · 3 inc!1 - unless ott"" "ioo ncled. 
PS • Pmon Sample· 3 ind1diamste< unless- ~ies --

I'IC - Rc<:O; Core • NX <:<n unless - --

ST~ I"EEEmA'I'IOH lUT (ASTM 0 15116) • A2.0" ...----. 1-:1111-~ epiit ~~is 

-no ~aoilby_,.aie1~~ '*'!Jkeelylllmugl>a--.:..ol30 --The~is 

~ - iiVW - ~ """"""'nl$. The !Dial ....-ot-~Ill< tile- 12 inches"' ..... --· is 
~ ~ ~re.!~; ~3~"'1C& ~-. 
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·.LOG OF PIEZOMETER INSTALLATION 

CL.AS!iiFIC.O.TIONS BY: 

NEYER, TISEO ll< HINOO LTD. 

GENERALIZED 

SUBSURFACE PROFILE SCHEMATIC 

GROUNDWATER DATA 

P•uo. 
M[T~IC: 

Ea...tv. 
(FUT) 

m GROUND SURF ACE 
_ ElEVATION· 591.4 

0 r-~TOPSO!l: Dark ,L-!J. ~r!: 
Brown SILTY f · 

r-~ SAND with ]1{.0 ' . 
, 1 

Roots. !' 
59 

2-20-85 578.2 
2-21-85 589.6 
3-01-85 593.7 
3-08-85 594.4 
3-11-llS 595.1 
3-22-85 595.3 

oose Brown SILTY/ ·!
1 

0 \ SAND. . 
I 

58 

570 

56 0 

55 0 

54 0 

530 

520 

' I 

Very Soft to Soft 
Gray SILTY CLAY 
with Trace of 

l Sand. 

l/ 

' 

I 
' 

SAND. 

'0 

~· • 

NOTES - Continued 
5. Soil descriptions were based upon 

visual identification of the auger 
spoil as well as the limited number 
of samples noted above . 

-+--- ~l5 ~IP ELEVATION: 531.4 

NOTES: 
1. Piezometer leads protected by 4 foot .~ 

length, 5-inch diameter, Sch 40 PVC . lilllill 
NEYER, TISEO A HINDO, LTD. 

COIOSUIJ- --
lJIIN&'\"EEI!ili!IUI!Iilt...m Wlli!L.!Jl.III'O!I!!IIIIi!N 

casing at the ground surface. ~ 

2. Piezometer tip set at 60.0 feet below thet:======~·E~z:~OM~ET~EIO.~N~o~.=~;£j 
ground surface. r 

3. Drilling ut'IJ ized 8-1nch diameter hollow
stem augers. 

4. Samples \!!ere recovered from depths of 
2.5 ft, '5.{1 ft and 1'2.5 ft. 

AllEi'l PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 





CI..~!.SSIFICA'fiONS BY: 

NEYER, TISEO a HINDO L TO. 

GENERALIZED I 
l SUBSURFACE PROFILE) SCHEMATIC 

GROUND SURFACE 
r- ElEVATION: 591.4 

590. ~ ~~~ U~SOll: !lar•k.h 
·I Brown Sil TV 
~ SAND with J./.Q 1 

., Roots. 

58 0 
'' 

I j 
' 
' 
I 

57 0 i 
I 
. ' 

560. .. 

I 

.. 

sse · · 

· oose Brown SXl ni , . 
SAND. I • 

Very Soft to Soft 
Gray SILTY ClAY 
with Trace of 
Sand. 

' 

l 
l 
I 
' 
I 
: 
l 

/: 

NON-SHRINKING 
CEMENT GROUT. 

-...._~'No. 

\'-· • 

---!---
42.~ · TIP ELEVATION: 551.• 

540 

NOTES: 
1. 

2. 

3. 

4. 

Piezometer leads protected by 4 foot 

1 ength, 5- i ndt diameter, Sc:h 40- PVC 

casing at the ground surface. 

Piezometer tip set at 40.0 feet below 

the ground surface. 
Drilling utilized 8-inch diameter 

hollow-stem augers. 
Samples were recovered from depths ~f 

2.5 ft., 5.0 ft. and 42.5 ft. . 

GROUNDWATER DATA 

P•no. 
Ml[T~IC 

DAn: Ei..EV. 
(H£'1") 

2-20-85 
2-21-85 
3-0l-85 
3-08-85 
3-11-85 
3-Z2-Il5 

586.9 
588.3 
591.0 
591.0 
590.7 
591 • 0 

ST AI>TIE"D: 2-19-85 

~PLETED: 2-19-85 

INSPECTOR: A. Al-Saati 

DRtf.UR: D. Klitz 

Cotn-FiACTOR: West Michigan Drill'i ng 

EoutPMEHT': Trailer mounted C:ME-55 

PtaoM&n:R TYPE: Pneumatic operated 
SlNCO Model No. 514178 

NOTES - Continued 

5. Soil descriptions were based upor. 

visual identification of the auger 

spoil as well as the limited number 

of samples noted above. 

ALlEN PARK CLAY MINE LAMDFill 

AU..Di PAAK. loi!CHIW 





:590 

580 

570 

560 

\ 
\ 

LOG OF I"IE:ZOMETIER INSTALLATION 

Ci...>.S\1111' IC.•iTIONS BY: 

NEYER TISEO a H!NOO L TO. 

GENERALIZED I 
SUBSURFACE PROFILE) SCHEMATIC 

GROUND SURFACE 
rr, ELEVATION: 591.5 

~ TO~son: Dark )'7 ;~ ! 
I I \ 8 rown S ll TV '. I 

' ' , \sAND wl th Root . IJ.o 

1/ 1-oose Brown SILT~/ I 
SAND. '/ 1 

I 

f/J I NON-SHRINKING 

I. 

CEMENT GROUT. 
! 

Soft Gray SILTY CLAl 17 

i: with Trace of ~· S'ND •. 
SAND. L,.l,f-" " l"· 

"'?<: . TIP ELEVATION: 571 5 r , 
f.'-·--

NOTES: 

GROUNDWATER DATA 

P•no. 
M[1'"Ft!C 

DiO.TE Ei..EV. 

(I"UT) 

2-21-85 
3-cn -85 
3-08-85 
3-11-85 
3-22-85 

STAR"I"E'D: 

583.3 
585.5 
585.8 
586.5 
586.7 

COMPI.IrTEO: 

INSPECTOR: 

DRII • .L.ER: 

CoN'I"RACTOR: 

EQUIPMENT: 

COMMENTS 

2-20-85 
2-20-85 
A. Al-Saati 
ll. Klitz 
West Michigan Drilling 

Trailer mounted CHE-55 

PaEZoMETER TYPE: Pneumatic operated 

SINCO Hodel No. 514178 

NOTES - Continued 
5. Soil descriptions were based upon 

visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

1. Piezometer leads protected by 4 foot ~ 
length, 5-inch diameter, Sch 4!fPVC · IW!I c:o~ --
casing at the ground surface. ~ 

2. Piezometer tip set at 20.0 feet bl!1ow thet:=:::====~""''EZOM~~n~~r!"'~ N·o~.=~±=l 
ground surface. ~ 

3. Drilling utilized 8-inch diwmeter ~o11ow AllEK PARK ClAY MINE LANDFill 
stl!lll 11ugers. 

4. Samples were recovered 
ft. and 22.5 ft. 

fro~rt depths of s.oi-___ AU_DI,_.._'w ....... _._M_Ic_H_I_GNI ___ -1 

~~-"!o wr. J;n Jo.o.n: 





!.OG OF PIEZOMETER INSTALLATION GROUNDWATER DATA 

Ci..ASSiFICA'TIONS ElY: 

NEYER TISEO!!< HINOO LTD. 

GENERALIZED j 
l SUBSUFlF ACE PROFILE SCHEMATIC 

Po no. 
M!:iflt!C 

DA'f[ E!.tV. 

(HE'f) 

GROUND SURFACE 
~ ELEVATION: 594.4 

2-15-85 548.2 

I""' TOPSO!l: Dark ~ 
1 1 _ Brown SILTY 6:": ' 

590 r= \ ;.rum with 'RMh(j,.'";i;'/ 

', 1loose Brown Sll TY/ llv 

580 

570 

560 

1\.MJiD j I /1 
: 6oft Brown sn TY I ~ 

i CLAY with Trace '/ NON-SHRINKING 
1 l...Qf. Sand' ' l CEMENT GROUT. 

' 

Soft Gray SilTY 
CLAY with Trace 
of Sand. 

t/ 
' ' 

' '' 
) 

~-• 

550 /l 

/; 

I 

540. ' 

/ 
'; 

530 

-
P"~ 
~:~BENTONITE PEllETS. 

' ·..;,· SAND. 
I~~-- ' 

,;.;;:> . TIP ELEVATION':__~!-.• 

MOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-inch diamete~ Sch 40 PVC 

casing at the ground surface. 

2. Piezometer tip set at 61.0 feet below 

the ground surface. 
3. Drilling utilized 8-inch diameter hollow

stem augers. 
4. Samples were recove·red fr!llll depths of 

2.5 ft., 5.0 ft. and 62.5 ft. 

2-18-85 563.4 
2-19-85 568.9 
2-20-85 573.3 
2-21-85 575.9 
2-28-85 587.4 
3-01-85 589.1 
3-08-85 592.5 
3-11-85 594.1 
3-22-85 596.3 

5TART£D: 2-13-85 
COMPLETED: 2-13-85 

INSPECTOR: l. J. Shekter 

DR!I,.I.LR: IJ. Klitz 

CO!miACTOR: West Michigan Drilling 

Eou1PMENT: Trailer mounted CME-55 

Pu:zoMF:TER TYPE: Pneumatic operated 
SINCO Model No. 514178 

NOTES - Continued 
5. Soil descriptions were based upon 

visual identification of the auger 

spoil as well as the limited number 

of samples noted above. 

Al.IDI PAAit ClAY MillE Ullllflll 

AllEN PAAK. fillCHIGM 





-~. 

LOG OF PIEZOMETER INSTALLATION 

Ci..ASS!FiC:I><TIONS BY: 

NEYER, TISEO & HlNOO LTO, 

GENERALIZED I 
SUBSURFACE PROFILE! SCHEMATIC 

~ GROUND SURFACE 
: 

1
: ELEVATION: 594.6 

~,21Pmo~PS~O~Il~:~Da~r~k~f~· ' 
~ Brown SILTY r~ I 

590 4-r I '"liNT' with Rnntsl~ ; 

j1.·' loose Brown SI L TYJ7 · 
·, ' 1 SAND. I 1 '_ 
I I -

' Soft Brown SIL TV 
1 

• ClAY with Trace 1 f 
580 of Sand . 1 ' 

r,. I 

570 

.. 
' 

'I 

560 

'! 
I 

. ' 

550 

~-

Soft Gray Sl LTY CLA' 
with Trace of Sane. 

NON-SHRINKING 
CEMENT GROUT. 

• 

~c, 

~-~ RI'NTnNlH PI'II_ETLJ!! 

~ ~AND. 

-- 4z.s;. TIP ElEVATICN:554.6 

NOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-inch diameter. Sch 40 PVC 
casing at the ground surface. 

2. Piezometer tip set at 40.0 feet below 
the ground surface. 

3. Drilling utilized 8-inch diameter ~o11ow 
stem augers. · 

4. Samples were recovered from depths of 
- - -. - - -· -' JJ. ... a> ii!'!'A... 

GROUNDWATER DATA 

P•no-

D.o.n 
ME'TI~H;;: 

Ei..E\1, COMMENTS 

(FU:T) 

2-15-1!5 580.0 
2-18-85 584.1 
2-19-85 584.1i 
2-20-85 586.9 
2-21-1!5 586. !l 
2-28-85 51!9.3 
3-01-85 590.5 
3-08-85 590.2 
3-11-85 590.9 
3-22-85 593.2 

STA.IIT£1): 2-14-85 
CO,.PI.EfED: 2-14-85 
INSPECTOR: l.J. Shekter 
DR!I,.I..ER: ll. 1<1 itz 
COHTR.o.cmR: West Michigan Ori11in 
Ecnn PillE Mr. Trailer mounted CHE-S 
l"iiE::I:ONE'n:R TYPE: Pneumatic operated 

SIMCO Model No. 51417 

NOTES - Continued 
5. Soil descriptions 111ere based upon 

visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

NE\'£11'1, TISEO 6 HINOO, l'I'O. 

e~--

AU.DI PARK ClAY MUlE lNI!!I'lll 

AL.lEII PARK , I'll CHI SAN 

g 
5 

s 





LOG OF PIEZOMETER INSTALLATION 

CI.ASSiF IC .. TIONS BY: 

NEYER_. TISEO & HINOO LTD. 

GENERAI..IZED 

SUSSURF ACE PROFIL SCHEMATIC 

GROUND SURFACE 
[[ElEVATION: 594.9 

c..:: TOPSOil: Dark I S '. 1 
: \Brown SilTY --m 1 1 

590 ~ i \sAND with Rootir5 I 

, ' 1\ oose Brown Sil TV II ~~~E~~R~~~~~~ 

580 

570 

, RsAND I 
'· ~edi urn Brown SILT' I 
' ClAY with Trace 

of Sand M:. 

1 I i1:'- Jli:Hirut H Pill 

~-.J. Soft to Medi urn Gray i U SAND. 

1 SI LTV CLAY with 
r'J ~£_e~;md. 205 . TIP ELEVATION: 5p~4 

NOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-incll diameter, Sch ·40 PVC 

casing at the ground surface. 
2. Piezometer tip set at 17.5 feet below 

the ground surface. 
3. Drilling utilized 8-inch diameter hollow· 

stE!Ill auger$. 
4. Samples were recovered from depths of 

2.5 ft.,·S.O ft. and 20.5 ft. 

GROUNDWATER DATA 

P•no. 
!11JU:T~IC 

DATE E!.EV. 

(l'UT) 

2-15-85 
2-18-85 
2-19-85 
2-20-85 
2-21-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

STAI!TFD: 

587.1 
590.5 
592.9 
591.2 
591.2 
591.7 
592.4 
591.9 
591 • 7 

COMPLETED! 

INSI'Ec:TOR: 

DRII.I.ER: 

2-15-85 
2-15-85 
L. J. Shekter 
D. Klitz 

CllHTR.o.CTOR: 

E CU111' loll lENT: 

West Michigan Drilling 
Trailer mounted CME-55 

Pn::zo~o~~ETER T'YPE: Pneumatic operated 
SINCO Model No. 514178 

NOTES - Continued 
5. Soil descriptions were based upon 

visual identification of the auger 

spoil as well as the limited number 
of samples noted above. 

NE'I'EJI, TISEO & 1-111\100, 1.:m. 

AllEN PARK CLAY MINE lANDFill 

AUD! PARI(. MIOIHWI 

AI"P~YIEO IB'I': .J.J::) .lDA'n: J-11-85 ~. ~ 
' 

I I 
l 
I 
! 





LOG OF PIEZOMETER INSTALLATION 

C:!..ASSiFlC.o.TIONS BY: 

NEYER_. TISEO St HINOO__. L TO. 

GENERAI..JZEO I 
SUBSURFACE PROFII..Ej SCHEMATiC 

n 
GROUND SURFACE 
ElEVATION: 593.2 

7'i -TOP SO! l: Dark -' '- J 
590 · BrownS!lTY $!t/' 

lz::!l ~ SAND with ~· , I 
I ' """"") o~ tt ~ s..,__--;:-t 
}'; ery Loose Dark 
i.' \. Brown S ll TV · j 

\ SANO. . 

. 580 ~/ \Very loose Brow: 
i 1 SILTY SAND. J 

57 0 

56 0 

55 0 

I}; 

h 
, 
•· 

l 

I 

' . 

I ' 

' i 
I 
I I 
I 
i 
' 
I ' ! i 
r 
l 
I 

540. i ' 

\o-· 
• 

) NON-SHRINKING 
. I 

I CEMENT GROUT. 

Soft To Very Soft 
Gray S ll TV CLAY 
with Trace of 
Sand. I ' ' 

. I 
I ~a 

I RENTONITE PELLET~ 

1 Q r?AND. li II 
530 ·--.---

~ . TIP ELEVATIOK:s33.2 

NOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-inch diarnete~ Sch 40 l'VC 

casing at the ground surface. 

2. Piezometer tip set at 60.0 feet below 

the ground surface. 
3. Drilling utilized 8-inch diameter 

ho11ow-steg augers. 
4. s~rnole~ ~re recov~red from de~!h~ ~f 

GROUNDWATER DATA 

P•n:o-
MOAIC 

D.o.n: E!..E'II. 
(HIE:T) 

2-19-85 
2-20-85 
2-21-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

541 .5 
554.0 
565.5 
594.2 
595.1 
595.3 
595.5 

5TAI>T£D: 2-18-85 

COMI'UTEO: 2-18-85 

INSI>ECTOR: A. Al-Saati 
Dom .. u:R: 0. Klitz 

CONTRACTOR: West Michigan Dri 11 i ng 

EcnJII'MENT: Trailer 111ounted CME-55 

PIEZOMETER 'T'n>E: Pneumatic operated 
SINCO Model No. 514178 

NOTES - Continued 
5. Soil descriptions were based upon 

visual identification of the auger 

spoil as well as the limited number 

of sa~~les noted above. 

NIEVER. TISEO it 1411'100, 1..''1'0. 

~lEN PARK CI..AY MINE WDFIU 

AllEN PARK, MICIHGAK 





\ 

LOG OF PIEZOMETER INSTALLATION 

CLASS!F~t::.o.T!ONS BY: 

\!EYER TISEO a HINOO-' L TO. 

I 
GENERALIZED f 

SUBSURFACE PROFILEj SCHEMIITIC 

GROUND SURFACE 
r ELEVATION: 592.9 

~e-jUP!>Ull: Dan ,r_· 
590 

1 1
\ Brown SILTY 
, C::BI.tn with Jlnnh ;.~ V 

1-7~ ~. 
, : oose Brown Sll TY t-' • 
· .I SAND. 

580 ': 
1 NON-SHRINKING 
1 CEMENT GROUT. 

'; 

I , 

570 -
'' 

560 

'550 -

Soft Gray SILTY CLAV "'" • 
with Trace of 
Sand. 

• 
' 

' 
' 

' 
='c5 

"--!5'7) 

iO S~ND. 

.4!: TIP ELEVATION: 552.' 

NOTES: 
1. Piezometer leads protected boc 4 foot 

length, 5-inch diameter, Sch 40 PIIC 

casing at the ground surface. 

GROUNDWATER DATA 

2-19-BS 
2-20-85 
2-21-85 
3-01-85 
3-0B-85 
3-11-85 
3-22-85 

Pane. 
M ETFtl C 

ELE\1, 
(FU'f') 

589.4 
590.3 
590.3 
590.2 
591 .1 
591 .1 
591 .1 

STAFIT£0: 

COMPUTED: 

INSPECTOR: 

DRII,.I..ER: 

CCINTR ACTOR: 

ECIIJIPMENT: 

I" I EZOME'TEI'I TYPE: 

NOlES - Continued 

2-18-85 
2-lB-85 
.A. Al-Saati 
ll. Klitz 
West Michigan Dri11in 
Trailer mounted CME-5 
Pneumatic operated 
SINCO Model No. 51417 

5. Soil descriptions were based upon 
visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

NEYER, TlSEO & HINOO, I.TD. _.._ __ 
2 . i'i ez001eter tip set at 40. 0 feet be 1 ow the.._ ______ P_• noo.o;....;.;.....:";._a:_"'_No...;.;;·_=..l.ll..2..=-l 

ground surface. • 

3. Drilling utilized 8-inch diamter hollow Al.LEII PAAK ClAY MIN£ l.MDFIU. 

stem augers. 
~- Samole~ ~ere re~ovprpd from depths of 

Alill PW. MltlUIWI 

g 
5 

8 





LOG OF PIEZOMETER I"'STA!..LATION 

Ci...t.SSIFIC.,TIONS BY: 

NEYER TISEO II< HINOO LTD. 

GENERALIZED I 
SUBSURFACE PROFILEj SCHEMATIC 

GROUND SURFACE 
_ 1-r- ElEVATION· 593.4 

90 i:::.;=;.!il!.~v'lJi:i"Si;~')T!~: SJ r~~k SAN;r ·If 

·I : lwHh Rnnt~ ""' / ' 
· ·, ' NON-SHRINKING 

11' M'ose Brown S!LTYP · · CEMENT GROUT. 

I .I ISAND. I 
·I 

30 ' I ::>oft Gray Sll TV CLAY 15, 

with Trace of Sand 
SAND. \'--· • ('] 

TIP ElEVATION:573.4 

' 

NOTES: 

GROUNDWATER DATA 

P•no. 
M[TRIC: 

ELI£'11. 
(l'EI!:T) 

2-20-85 582.2 
2-21-85 583.6 
3-01-85 587.0 
3-08-85 587.0 
3-11-85 587.4 
3-22-85 587.4 

STARTn): 

Cohii'I.En:D: 

INSPEC'I'O!'I: 

DRII,....ER: 

CO!>iTRAC'I'ClR: 

Ec:n.nPME>rr. 

11"1 EZ-E'I'ER 1"YPE: 

NOTES - Continued 

2-19-85 
2-19-85 
A. Al-Saati 
D. Klitz 
West Michigan Dri11in 
Trailer mounted CME-5 
Pneumatic operated 
SINCO Model No. 51417 

g 
5 

8 

5. Soil descriptions were based upon 
visual identification of the auger 
spoil as we11 as the limited number 
of samples noted above. 

l. Piez0111eter leads protected by 4 foot Wt 
length. 5-incll diameter, Sch 40 "PVC · lllWII! 

NEYER, TISEO & HIHDO, !.'I'D. _,_ __ 
casing at the ground surfBce. ~ 

2. P'lez0111eter tip set at 20.0 feet below the t::=::===~P··~~~o:!•~u~~No~··::!';-~j 
ground surface. ~ 

3. Drilling utilized !-inch di~ter ~o11ow AliDI.!'MK ~y :RilE LAII!lFUl. 

stem augers. 
4. ~amp~ es !e~ _r-eco11e~ !~ depths of 

AUn PW. inti!IW! 





NEYER, TISEO & HINDO, l TO. 
~Ton Milt~ • filrmlng1oo Hilla, Ml4~2~ • (313) ~71-4'1150 
2053 South Dort Hlghwsy • flinl, MI41Sil3 • ()U) 232·tll52 

2611 Com~~ rica 8ulk:lin11 • ~troll, Ml411226 • (3U)tll5-0031i 

mn:BIT I 

:( 
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----- ~-\l .:r F 1-\ A. .M ::r :r A. .. S_ C .. N (:) To~S 

~ .5:3 S"t ~ (.I!. 85" ~ , 71 ~ &.4 S"'f .» eo.:3 """ .... 
~~ O.J .3 .3. ~ -~ -~ .:t .:a. .-aS .~ -~ .! 

-(". ---------- -----·-------. ---- --------------
"- (.::· S.'ie" - ---------·-----

u. '" 
, l'i ~ AI I'- 1-4 D 6) ,., ~~ • .:u 2.. 

E~. :u :n ~ ~., ~ .l~ ~ u ~ ::IS ~ u 3~::a . 

. . . 

~ ----- I'- u •• . \b _ ::u __ ae .. ;t'\ __ 3\ :A __ 
•-- .;u - l& \) __ ;t(,~ ----• 

~ll¥.. ~e.. ~ . 3\ .... i".it ~- ... \ ... ~d.~ . . 
.. - . . . . . ~ . . . . . --·-

; ______ ---~--~~,~-~.f.~~J~-~~~~ ... ---,.~~~-

0 __ • • l4_~s:~-~-s~ ~~=-J.Sxl.3b=~.o~~ 

·- ,~i;-~~0~~-f,~:~E~~¥:~:~~~ 2.3_~«0..~..~ 
~up~~-~~~~ ~J;~ ~~-CA.\\-· 

1., . . -e - . - ---'"'o~-s.ss . ---. 
"-o.'-IL. ~ ~. (,. 1(.. fO ~ ec... . ..J...- ,SSS ·~~I : f • <4 

·~~- a~~l<Jo-e.,~~{t.~c-~ . .,.K..~c•~ee · . · . 

_ ~\~ _k 1e~~ ~;..__-::l.~o -~ --~~~~· ..1!~\:j,\:J.e-~--- · ~ 





MICHIGAN DEPARTMENT OF NATURAL RESOURCES 

INTEROFFICE COMMUNICATION 

December 5, 1984 

TO: Al Howard 

FROM: 
-.--

Terry McNiel /~" 

SUBJECT: Ford-Allen Park Piezometer Proposal 

1 am in receipt of a recent submission by Mr. David Miller in which 
it is proposed to modify a previously agreed upon investigation to verify 
an assumed upward flow gradient in the site clay. An earlier proposal 
by Neyer, Tiseo and Hindo dated October 22, 1984 was submitted and approved 
on the basis of it meeting the scope of work (3 piezometer nests with 
3 piezometers each) needed to adequately confirm the pressure gradient 
in the clay. This plan would allow a flow net to be developed to show 
vertical and lateral pressures and flows. 

The modified plan describes 3 piezometers placed at 3 different locations 
at 3 different depths on three sides of cell 2. It does not provide 
the proof of the flow components and direction within the clay to fully 
evaluate the three-dimensional flow distribution as requested at the 
October 2, 1984 meeting. This "flow net" would then provide adequate 
detail and basis for a waiver to groundwater monitoring. One of the 
characteristic features of the diffusion process is that it causes spreading 
of the ''solute'', if the opportunity is available, in directions transverse 
to the flow path as well as the longitudinal flow direction. This is 
why we requested this evaluation with the nested piezometers. Because 
of the assumed variation in the bedrock surface and thickness of the 
confined sand unit, the data from the location of these piezometers 
may or may not truly reflect the vertical pressure distribution. Additionally, 
paragraph 3 of the 10/22/84 NT & H proposal states ''the past and present 
excavation activities on the site have inevitably affected natural hydraulic 
gradients on a very localized basis ••. it will be desirable to place 
these new installations (piezometer nests) as far as practicable from 
the on-site excavations in order to evaluate the natural hydraulic gradients." 
It is agreed that the natural unaffected hydraulic gradient may not 
be reflected near the excavation of Cells 1 and 2. Therefore, the 
modified location change is not acceptable. 

The modified program was developed to evaluate: 1) basal stability due 
to uplift; 2) settlement; 3) bearing capacity; and 4) a preliminary 
slope stability analysise It appears that these analyses can be accomplished 
by this plan, however, as a demonstration of the vertical and possibly 
lateral flow characteristics it is unacceptable. It is my recommendation 





A. Howard -2- December 5, 1984 

that a wa1ver to ground••ater monitoring not be granted unless Ford adequately 
demonstrates the validity of the upward gradient assumption by means 
of the previously agreed upon plan. 

cc: Burda/Quackenbush 
Okwumabua/Aubuchon 
D. Montgomery 
C. Riley 
G1£ Fo"k 
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··•.,\':~ 
Mr. David Miller 
Ford Motor Comp.my - Ste>el Division 

P.O. Box 1639 
Dearborn• Michigau 43121 

'l'his letter is to &U<!ll:!larue the Oetober 1, 1984 meeting held at the 

Detroit district office l>etween Ford, yeur consultant, and ~beu of 

this departmeut. 

Compatibility teating between the natural clay liner and the site lueh.<.ts 

ill needed. 'l'he departm<mt :reeommend.t the use of leachate f'rOilll WaytW 

Disposal Inc. for this testing since it would snbstantially reduce or 

eliminate the need for further testing of this type in the event that 

you seek approval to take additional waste types in the future. lt 

wa$ agreed that this testing vill utilize a flexible wall parameter, 

'l'he leaehat"' 1i!IW>t be tested to detendne whether it eontairuo the corn:eD

trationa of chemical~ in the leachate found now at your site plus those 

antiei?Bt~d in th$ future, If it doesn't, the Wayne Disposal leaebate 

used for the test will have to be modified by-adding the necessary 

additional ~. 'l'he impact of the Wayee Dispoad leachate, modified 

es ueeessary, will be cOI!Ipared to similar testing using water. 

-.~ .;- .:.. -~-

Your consultant baa provided theoretical calculatioas Which indicate 

that it is ~sible for contaminants to pollute the artesian aquifer 

which underUe& the site. 'Ibeae ealcul.:tioos- have aasum.ed an upward 

:;radi.mt throoghoot the site's clay unit. It -• ag,.-eed that thb ·-~~" · J""-· 
asa>Dpticm lidll be examined by the tt&e of site epedfie data. 'l:ln:ee , • ·-~1/..::;,:~~~1 
piezometer 'llel!lts, each containing a min:i.mm of three piea:011110tars. will _·-·. ::., ,~::_~_r.: 

be ii!Uitalled within. thb unit to measure the ~istribut:ion of the pres~c~.:-;_~~~~ 

bead from tha artes:um. aquifer.· A flow net 111111 then be c:cmatructed · · ~."':'f,·7~Jii."¥ 

from this data which will substantiate or refute this ass>Dptioa. Should -- ::: ~i';f}~ 

this UIIN!lllptiOI:l be si:unm to be correct• groundwater mnitoring will .- ::-..:;·.S~~~ 

be focused on the shallO<f, surficial sand aquifer. · ·,_ -, -"' 
- --~ ~ . ---- -

... 

. - ' ~. 





Oetob~r 11. 1934 
l'llgll l 

Tba ~ballov, surficial saud aquifer a?parently only exists along the 

eastern end of the ha~rdous waste cells. It vas agreed that monitorin$ 

of this aquifer is needed. However, due to the potential problem of _ 

possible recharge of the UQit by the extern41 drai~ge ditch, installation 

of a vertical detectiOB system (saud or gravel sandwiched between clay 

walb) vas di.llc~JJ~sed. -A ._u can then be plao:e<i within the sandwiched 

~rmeable material for performance monitoring. Becanee wastes are 

presently near the !laM m~.it, the deparl:lllent request. that !:hili sy&t<llm 

be eoutruc:ted soon, eo u to develop background data. You Bhwld contact 

t>$ iu the near fl.l!::ure so that - can reach qreemeat em appropriat® -_ 

duigu eouceptfh Once agreae!olt is re;ao::hed, ;roo woulol. be expeeted to 

prepare deuiled &'llgineering plall!l for O'a>: review and a'i'l'rov.d. 

-.-,.~· - There w.u diteu.uio"' ef wethu a gas v.mtug syat- will 'be ll!l<!!ded 

up<m pbu-na: of the final- eo'JU. lt wu agreed that a ayst- would 

not be :r~uired at tbb time. Rovner, if siguifieu.t g£lil ~araticm 

h ever noted or if a dMnge i~:~. th!l type11 of wast• reeebed ever susguts 

gas get~<arlltiO!I! would be likely to ~ur, a veutina: fryllt- will be n.quire<l. 

Beeaus• of the !leed fen: ;roo t.e satisfy RC:U. Put Jr H<~Uirementa in ad•:liti

to MD!IR nq-..ir-.ents, it ..,.,. agreed that we would seet with you at: ycnu: 

r«quen in the lilAI&r future atld disc; use your prclp<lllllb. 

tu 
c:c1 J. :SOi.,msky/C & E File 
~lmaf~ 

A. Howard, F.al 
.J. Amber • Ford - SSCOS 
C. Riley 1 WAD 

Sincerely, 

Terrance J. Mc:l:fiel, Geologist 
Technical Services Section 
Hazardous Waste Division 
517-37.3-2730 

: _-. 

-. ."--:..:.- _-
_. ·--0:..:: .. ..--- -_.-_-· ---.· __ =>:~ 

· . ..-.,-. 





Mr. David S. Miller 
Mining Properties Department 
Rouge Steel Company 
3001 Miller Road 
Dearborn, }!ichigan 48121 

Dear Mr. Miller: 

Novembe~ 14, 1984 

I have reviewed the October 22, 1984, proposal by Neyer, Tiseo 

and Hindo, Ltd. regarding the installation of three piezometer 

nests, each containing three piezometers. Tbe proposal meets 

the objectives of the previously agreed upon study, 

We look forward to seeing the conclusions reached by this investi

gation. 

Sincerels, 

··...--;--
}f11c./ 

cc: 11. Okwumabua/L. Aubuchon 
J, llohunsky/C & E File 
D. Montgomery 

Terrane~ J. McNeil, Geologist~ 
Tecbnic~l Services Section 
Hazardous Waste Division 
(517) 3)32730 

• 
• 
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1704 Morton Street 
Ann Arbor, Michigan 
41!104 

25 September 191!3 

Mr. Mark Young 
Wayne Disposal.Company 
P.o. Box sun 

Dearborn, MI 48121! 

REa Allen Park Clay Mi~e/Landfill 

Dear Markl 

I rec.ently wrote a computer program ( '*CLAYWALL'*) that can be 

used to calculate solute transport across a clay bar:rier under 

combined diffusion and advection (hydraulic flow). The pro

gram computes the exit/source conceptration :ratio (C/Co) as a 

function of elapsed tim~ (t) on the downstream side of a clay 

wall or barrier of thiclmess (X). 

The program vas writ·ten with a clay slurry cut-off wall in mind, 

but is general enough ~hat it can be used with any clay layer 

or barrier. The input parameters to the program ares 

~ 
K 
X 

p 
I 

= efffective diffusion coefficient, 
= hydraulic permeability, ft/yr 
= thickness of wall or barrier, ft 

,. porosity 

~ 
ft /yr 

=hydraUlic gradient ••• (+) if same direction, 
(-) if opposite direction to solute concen
tration gradient 

t = elapsed time, yrs 

The program is based on the solution to the equation that des

cribes one-dimensional solute transport in a saturated porous 

medium under both hydraulic and solute concentration gradients. 

This equation has the following forma . 

where a v • ave seepage velocity = (XI/P) 

The solution assumes the following conditionsa 

1. Saturated, one-dimensional flow. 

, ,, 
I 

2. No reaction between solutes and porous medium. 

typically behaves this way. 
Chloride· 

• 

•.\. 

:.f 
'\' 

' ' . 





3. Diffusion controlled, i.e,, the pore water velocity is 

eo low that mechanical mixin~ is negligible and the die

penion is' equal to the effective ditfudon c:oeffficient. 

(thi~ condition ia satisfied When K( l.OE-07, 

I ran the program uein~ data for the .ilty clay layer underlying 

the Allen Park ClayMine/Landfill. The following values for the 

input data were. ueeds 

D "' 0.102 tt"'/yr (6. :n:-06 cm"/sec) 
(published value for ch.y ti·lls) 

K = 0,025 ft/yr (2.5E-06 em/sec) 
X ., 30 ft 
p "" 30 " 
I • -O.l,-0.3, and -1.0 

The results of the analysis are shovn in the attached graph. 

At a counter hydraulic gradient of -0.3 the exit/source solute 

concentration ratio does not exceed 0.0001 until 700'years 

have elapsed, . You may recall that a counter hydraulic gradient 

of -0.3 oc~s when the leachate is allowed to rise.in the land

fill to the ground surfa~e •• ,a worst cue lilcenario. For larger . 

(negative) counter hydraulic gradients the ratios become even 

smaller. In fact for I< -0,5 (i.e., counter hydraUlic gradients· 

larger than 0.5) the ratio C/Co is less than l,OE-05 at all 

elapsed times. 

These results confirm the findings of my earlier report which 

were based largely on analogy to solute transport studies in 

clay aquitards, The present findings are based on analysis 

of actual soil and site parameters. Keep in mind, also, that 

the analysis is still quite conservative because it neglects 

possible adsorption (reaction) of solutes with the clay. 

A copy of the computer program and typical output are enclosed. 

It is written in BASIC and is designed to be run on a personal 

computer. If you have any questions about the analysis, please 

feel free to contact me. 

Sincerely, ·. 

Z.::~~;~ 
Professor of Civil Engineering 

Encl. 

' :. ~:. 
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.. 
:run 

. Po:rosity1 0. 3 
Permeability(tt/yr)s .025 

Ditfullion· Coef(ft /yrh 0,102 

Wall Thickness• 30 

Hrdraulic Gradient& -0.3 

T me(yn)s 500 

-------------------------------------
-----------------

hit. ArgW!Ient(Yl )i11u 

let Error Fi.mction is 1 

2nd Argument(Y2)iss 
2nd Error Function iss 

Exit/Source Concentration Ratio 

. 2.9756 
: 0.9999 

1.22525 
0.9173 

(C/Co)iru 

--------------------
--------------------

-------------~-

Continue Calculations (y/n) 1 y 

'l'ime(yri:l)s 750 

-------------------------------------
-----------------

lst Argument(Yl)isl 
lst Error Function is1 

2nd Argument(Y2)isl 
2nd Error Function iss 

Exit/Source Concentration Ratio 

2.78685 
0.99979 
0.64312 
0.63658 

(C/Co)ba · . . 

--------------------
--------------------

~--------------

Continue Calculations (y/n) ? y 

'l'ime(yn): 1000 

-------------------------------------
-----------------

let Argument(Yl}iss. 
lst Error Function is: 

2nd Argument(Y2)isl 
2nd Error Function is: 

Exit/Source Concentration Ratio 

2.72291 
0.99973 
0.24754 
0.27399 

(C/Co)iru 

-------------------------------------
------------------

Continue Calculations (y/n) ? y 

Time(yn): 2000 

-------------------------------------
-----------------

lst Argument(Yl)is: 
let E~ror Function iss 

2nd Argument ( Y2 ) is 1 · 

2nd Error Function is1 

Exit/Source Concentration Ratio 

2.1'10056 
0.9998 . 
-0.70014 
0 

(C/Co)iln 

-------------------------------------
------------------

Continue Calculations (y/n).? y 
.. 

Time(yn): 5000 

-------------------------------------
-----------------

let Argument(Yl)isl 
lst Error Function is1 

2nd Argument(Y2)is: 
2nd Error function is: 

Exit/Source Concentration Ratio. 

3.43176 
0.99998 
-2.10334 
() . 

(C/Co)ien 

-------------------------------------
------------------

Continue Calculations (y/n) 1 n 

·-· 

. -......... 

f : 
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SUMMARY 

The possibility of leachate migration downward from the 

Allen Park Clay Mine/Landfill and contamination of.an aquifer 

beneath were evaluated, 

· Analyses show that density differences between the leach

ate and groundwater will not cause a downward migration nor 

will they lead to a diffusion efflux from the site. A thick, 

uniform layer of silty clay beneath the site coupled with an 

upward hydraulic gradient effectively precludes the latter. 

Comparison with results of salt water intrusion studies 

across clay aquitards having similar ·properties as the clay 

beneath the Allen Park site show that the solute (salt) will 

take at least BOO years to'migrate across a clay barrier 30 feet 

thick under chemica-osmotic diffusion alone. A counter (or 

upward) hydraulic gradient will lengthen this breakthrough 

time even further. 

There are insufficient amounts of organic compounds in 

the waste to affect the permeability of the clay. The proba

bility of accelerated leachate migration through the underly

ing clay is not supportea by the composition of the wastes 

and the nature of the clay nor by the findings of leachate 

permeability studies reported in the technical literature. 

Under these circumstances any observed increases in 

contaminant levels of monitor wells in the aquifer underlying 

the site could more reasonably come from sources laterally 

upgradient from the site rather than the clay mine/landfill 

above the site. · ' 
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CONTAINMENT INTEGRI'rY OF ALLEN PARK CLAY MINE/LANDFILL 

I. INTRODUCTION 

The Ford Motor Company who operate the Allen Park Clay 

Mine/Landfill have recently petitioned to discontinue ground 

water monitoring of an aquifer located approximately 70 feet 

below existing grade at the site, The landfill is underlain 

by dense, lacustrine clay which behaves as an aquiclude or 

aquitard. At least 25 feet or more o.f residual clay 

thickness separates the bottom of the landfill from the 

underlying aquifer. The aquifer is under artesian pressure 

and exerts an upward hydrostatic pressure on the base of the 

clay aquitard equivalent to 80 feet of head. A general cross 

section or profile illustating these soil and hydrologic 

conditions at the site is shown in Figure 1. 

Applicant maintains in his petition for discontinuance 

(EPA I.D. No. ~IT 980568711) that monitoring is not necessary 

at the site because of a) the dense, uniform clay underlying 

the site which has a hydra~lic permeability no greater than 

6 x 10-Bcm/sec and b) the artesian pressure in the underlying 

aquifer which results in an upward hydraulic gradient across 

the overlying clay aquitard. Applicant claims that these • 

site conditions will preclude the possibility of leachate 

migrating downwards out of' the landfill and eventually conta

minating the aquifer. 

In response to this·petition, the Wayne County Department 

of Public Health has raised several questions and concerns · 

(letter form R.N. Ratz, Public Health Engineer, to B. Trethewey, 

Mining Properties Department, Ford Motor Company, 28 April 1983). 

The following concerns were raised in the letter: 

1. The petition/report fails to address the possibility 

of leachate migrating down due to differences in 

densities of the leachate and groundwa~er. 

2. The petition/report does not indicate if there are 

any organic constituents in the leachate that may 

increase the clay's permeability and permit downward 

movement. 

The purpose of the present report is to respond to.the 

above stated concerns. Additional information about the geo

hydrology of the site, about past containment/migration studies, 

and about the likely nature of the leachate and its effect on 

·clay permeability are evaluated herein to determine the danger 

of.landfill leachate migrating downwards from the site and 

reaching the underlying aquifer. 
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Figure 1. Generalized cross-section th.rough Allen Park Clay Mine/Landfill 

showing soil and hydrologic conditions. 
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II. THE INFLUENCE OF PER.'!EJI.NT DENSITY ON LEACHATE MIGRATION 

ACROSS CLAY BARRIERS 

A. GENERAL 

Permeant density plays a direct and indirect role in flow 

phenomena in porous media. Permeant density can affect solvent 

or solution flow rates via its influence on hydraulic conducti

vity. This influence can be calculated and shown to be minor or 

insignificant compared to the more likely and important influence 

of permeant density on solute diffusion. · 

A newly introduced permeant with a high concentration of 

dissolved material (e.g., a leachate) will also have a higher 

density. This high concentration in turn will cause the solute 

to diffuse through a porous medium to regions of lower concentra

tion. It is this manifestation or aspect of a density increase 

in the permeant that requires careful scrutiny and analysis. In 

other words, the role and influence of permeant density are · 

more importan~ to solute diffusion under concent·ration gradients 

as opposed to solvent (or solution) convection under hydraulic 

gradients. · 

The analyses that follow are offered in support of these 

claims. 

B. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PERMEABILITY 

Both the viscosity and unit weight of a permeant can influence 

the permeability of a soil to a particular permeant. The hydraulic 

conductivity is defined in this case as a flow velocity under 

a unit hydraulic gradient (the usual practice in civil engineering). 

The influence of permeant density and viscosity can be ascertained 

explicitly by defining another permeability, i.e., the "intrinsic" 

or "absolute" permeability · 

where1 k 
K 
8 
)l 

= 
= 
= 
= 

hydraulic conductivity, em/sec 

intrinsic or absolute permeability,.cm~ 
permeant density or unit weight, dynes/em• 

permeant viscosity, poise 

( l) 

The intrinsic permeability(K) is a property only of the 

solids or matrix through which the permeant passes. Accordingly, 

for a particular soil (i.e., given grain size distribution and 

soil structure) and in the absence of permeant-soil reactions, 

K should be a constant. The influence of a variation in visco

sity and density of the permeant on the hydraulic conductivity 

can be determined from this fact and from a relationship derived 

from Equation 1, viz., 





,j 

where! subscript 1 - initial conditions (grnd water) 

subscript 2 - final conditions (leachate) 

( 2) 

An increase in density of the permeant will apparently 

cause a higher permeability. But, this same increase in 

density can also result in an increase in viscosity which 

will reduce the permeability, Both influences together will 

tend to offset one another, and it is unli~ely that a density 

increase in the permeant (leachate) will significantly affect 

hydraulic conductivity. Furthermore, even if viscous. 

retardation is discounted, density increases are highly 

unlikely to significantly increase permeability in actual 

practice as the following example will show. 

Assume the ground above an aquitard or clay barrier is 

flooded with a fairly concentrated brine solution, namely 

sea water. The density of sea water (with a TDS of 36,000 ppm) 

is 1.036 gm/cc at 4° C vs. the density of the present intersti

tial. water (with an average TDS of 1550 ppm) which is 1.002 

gm/cc. This leads to a density ratio of 1.034 which is equiva

lent to only a 3.4 per cent increase in hydraulic conductivity 

·(discounting viscous retardation). Therefore, density has· 

little effect on hydr'aulic conductivity despite the almost. 20 

fold increase in dissolved solids concentration. It is the 

influence'of the latter change, i.e., the increase in dissolved 

solids concentration, that requires careful analysis in evaluat

ing the effectiveness of a clay barrier in containing leachate 

migration in this case. · 

C. INFLUENCE OF PERMEANT DENSITY INCREASE ON SOLUTE DIFFUSION 

1. Background 

Dissolved solids or solutes in a permeant can be trans

ported through soils under both hydraulic and concentration 

gradients. The former is referred to as "drag coupling" and 

the latter as "chemico-osmotic diffusion." Both types of 

movement should be considered when evaluating the effective

ness of a clay barrier for preventing leachate migration. 

Chemica-osmotic effects in fine grained soils have 

been examined in some detail by Olsen (1969) and Mitchell 

et al.(l973). The importance of chemica-osmotic diffusion 

increases in fine grained soils wilth low hydraulic conducti

vities. Studies commissioned by the State of California(l97l) 

on salt intrusion problems in aquifer-aquitard systems have 

shown that as aquitards become clay rich and theil permeafi

lities fall to levels on the order of .002 gpd/ft or 10· 

cm/sec, the migration of solutes will be controlled by chemica

osmotic diffusion. 





j 

2. Flow of Solute under Combined 'iydr. and Chern. Gradients 

Equations can be derived which describe the flows 

of solute and solution in the pores of a sediment. The 

derivation of these equations and assumptions on which 

they are based are given by Mitchell .!U:_ .!ti,.(l973). The 

one-dimensional, vertical, steady state flux of solute 

across a clay aquitard under a combined salt concentra

tion(chemical) gradient and hydraulic gradient is given 

by the following relationship! 

Js = [(~vtrR) c.s k~n + ~ k._] ~11/~z + ( D + ~ken] o cs /oz ( 3) 

where: J~ = salt flux across an aquitard, moles/sec/em~ 

ah/az = hydraulic gradient (dimensionless) 

acs/az = solute concentration gradient, moles/cm4 

D = diffusion constant, cm~/sec 
R = gas constant, ergs/mole/°K 
¥w = density of water, dynes/cc 
T = absolute temperature, °K 

cs = average salt concentration, moles/cc 

ki, = hydraulic conductivity, em/sec · 

ken = chemico-qsmotic coupling coefficient, 
cm5/mole/sec 

Relative contributions to the salt or solute flux 

can be calculated from Equation 3. Movement of solute 

can occur by diffusion whether a hydraulic gradient is 

present or not. A superposed hydraulic gradient may re

tard or accelerate movement of solute depending on& 

a) Relative magnitude and direction of the hydraulic 

and solute concentration gradients. 

b) Values of the hydraulic conductivity and chemico

osmotic coupling coefficient. 

Equation 3 only yields the steady state flux of solute 

under combined hydraulic and chemical.gradients. Equations 

can also be derived that give the initial'or time dependent 

solute fluxes and the time required for "breakthrough" or 

first appearance of increased solute concentration on the 

downstream side of the aquitard. This initial, non-steady 

state process is quite complicated. Examples have been 

worked out for aquitards of different thicknesses and compo

sition by Mitchell et ~.(1973). 

One of the most important findings of these studies 

on salt flux across clay aquitards was the importance of 

aquitard thickness on breakthrough time. Because the ini-

tial movement is non-steady, the breakthrough time increases 

with the square of tpe thickness of the aquitard. Theore

tical studies of salt water intrusion across aquitards 

(State of California, 1971) have shown that salt ions will 





take up to BOO years to migrate across an aquitard 30 feet 

tl1ick under d1emico-osmotic diffusion alone. If the thick

ness is reduced to 10 feet, the breakthrough time decreases 

to only 80 years. The presence of an hydraulic gradient 

could either accelerate or retard this time depending on 

the relative magnitude and direction of this gradient and 

.other factors cited previously (see Figure 3). 

3. Likelihood of Solute Efflux Through Clay at Allen Park Site 

Solutes will tend to migrate or diffuse downward from 

the landfill along a concentration gradient. On the other 

hand, this movement can be impeded or even arrested by 

the upward hydraulic gradient as a result of artesian 

pressure in the underlying aquifer. Static water levels 

in monitor wells around the landfill show that the piezo

metric surface is almost 10 feet above existing grade or 

ground surface elevation at the site (see Table 1). The 

net, steady state flux of solute, if any, can be deter

mined under these conditions from the solute flow equation 

cited previously (Equation 3) •. 

It is also pertinent to examine the results of a 

similar type of study commissioned by the State of 

California ( 1971·). The latter study was designed to 

determine salt efflux rates and breakthrough times in'an 

aquitard-aquifer system in the coastal ground water 

basin near Oxna·rd, California (see Figure 2). The 

problem posed in the California study was basically the 

same as the pre-sent one1 namely, given a sudden 

increase in dissolved solids or solute concentration 

atop a clay barrier (or aquitard) how long before the 

salt migrated downward and reached an underlying aquifer 

and at what rates of efflux? The problem was compounded 

in the California example as a result of drawdown of the 

piezometric surface in the underlying aquifer which also 

caused a downward hydraulic gradient. 

The two aquitards are quite simiiar fn their 

important respects. Both are approximately the same 

thickness, have the same initial dissolved solids concen

tration, and are composed of clayey sediments with low 

hydraulic conductivities. The salient charateristics 

and parameters of these two aquitards are summarized 

and compared in Table 2. The main difference appears 

to be in their respective hydraulic conductivities--

the Allen Park clay is an order-of-magnitude lower. 

A dissolved solids concentration equal to that of 

sea water was assumed in the leachate overlying the Allen 

Park clay. Sea water is a good "worst case" choice because 

sodium ions have high diffusion mobilities and are not 

preferentially adsorbed on clay exchange sites as heavy 





vie 11 Gr·ound 

Number Elevation, Ft. 

2 595.1 

5 595.7 

7 594.1 

10 593.4 

W-101 593.9 

vl-1 02 591.3 

W-103 593.9 

14-104 594.1 

' 

-..... 

TABLE 1. ALLEN PARK CLAY I-1HIE 

1·10tHTOR l~ELL - HATER LEVEL READH;Gs 

Well Elevation(l) 
Ground Hater(2) 

Elevation 

USGS 11-4-81 . 6 

600.76 600.67 ?.6 

605.92 605.09 
o_.4-

597.35 59i.01 
-:,. \ 

603.03 601.81 
SA-

601.4 7 601.21 '7.3 

600.81 603.22(4 ) I I.e\ 

605.06 603.52 
"\.(, 

603.82 603.81 
"'\,(, 

·\ol-105 594.5 . 604.08 603.86 0..4 

(l) Hell Elevation is recorded as top of standpipe. D."" " g .'"\ 

{2) Data R~corded by Michigan Testing Engineers, Inc. 

{ 3) Data obtai ned from Michigan Depat·tme~t of Natura 1 Resources. 

(4) Hell extended temporarily to obtain water level. 

Ground Hater(J) G.-ound ' .. !ater(J) 

Elevation Elevation 

5-29-81 3-26-81 

600.44 600.21 

604.62 6Q~ .. 19 

593.23 594. 11 

601.93 601.56 

' ' 
i 

I 
I 

TABLE 1 





TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE PARAMETERS 

AQUITARD PROPERTY 
OR SITE PARAMETER 

Composition 

Thickness, ft 

Ave. l~ater Content, % 

Ave. Liquid Limit, % 

Ave. ~ydraulic Conduct, 'em/sec 

Hydraulic Gradient 

Initial (interstitial) 
Pore Water Solute Cone, ppm 

Final Solute Cone, ppm 

Chemico-Osmotic Coupling 
Coefficient, cm5 /mole/s~c 

OXNARD 
CALIFORNIA 

clayey silt & 
silty clays 

30 

24 

31 _, 
1 X 10 

0,33 - 1.0 
(downward) 

1800 

36,000 

-4-
6.2 X 10 

ALLEN PARK 
MICHIGAN 

silty clay 

25 - 35 

20 

28 
-a 

2,6 X 10 

2.7 
(upward)_ 

1550 

36,000 
(assumed) 

-4-
6.2 X 10 
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OCEAN 

l·~'i@ AQUifER 

Ilia AC!UITAFID 

Figure 2. Generalized cross-section of multiple aquifer in a 

coastal basin, Salt flux across aquitard can occur as 

result of either salt water intrusion into aquifer (1,2) 

or ~alt water entering directly above aquitard in shallow 

coastal waters or marinas (3,4), or from salt contamina

tion in near surface, perched aquifer ( 5). 

m 
b .. 
~ 

u 
Cll 

2.0.....---------.------,-------, 

No Cl CONCENTRATION = 0.6 NORMAL 

IN THE" OXNARD AQUIFER 

~ 1.5 
'E 

u .... 
Cll 

0 
E 1.0 

PI.IMPING fROM MUGU 
DRAW DOWN = 10FT. -

OL---~~~~~----~~~----~
~ 

100 1000 10,000 100,000 

TIME (YEARS) 

Figure 3. Solute efflux across aquitard into underlying aquifer as 

a result of salt water intrusion in overlying aquifer. 

Aquitard is 30 feet thick and has a hydraulic conducti

vity of 10·7 em/sec. Pumping from lower (~ugu) aquifer 

superposes a 0,33 downward gradient on system. 





mrtal ions would tend to be. The same ch<~mico-osmotic 

coupling coefficient used in the California aquitard was 

also assumed applicable for the Allen Park clay. The value 

used is reasonable for the type of clay sediments present. 

Results of the California study are presented in Fig

ure 3 which shows the salt inflUX into the underlying aqui

fer as a function of time. Curves are presented for a no 

drawdown and 10-foot drawdown case (assuming the hydraulic 

grndient acts in the snme direction as the salt concentra

tion gradient). The horizontal portion of the two curves 

represents the steady state salt flux. 

'rhe main things to notice from this figure are the 

large breakthrough time (800 years) for the "no drawdown" 

case (i.e., in the absence of any hydraulic gradients) 

and the fact that in this aquitard the salt flux 

caused by drag coupling under a hydraulic gradient is 

larger. The steady state salt flux from the drag coupling 

unaer a combined 10-foot drawdown and salt concentration 

gradient is almost three times that from diffusion alone 

(no drawdown) •. Hence, in the event the hydraulic gradient 

was reversed, there wquld be no breakthrough and no down

ward salt flux provided the upward gradient exceeded about 

0.2. In other words, under these conditions the two salt 

fluxes would be mutally opposed and e~actly cqunterbalanced • 
• 

The relative contributions to steady state efflux in 

this example can be calculated with the aid of Equation 3. 

The following parameter values (taken from the study) were 

used in the calculat.ion: 

ah /<Jz =~:>Ah /AL = 10/30 = 0.33 

Clc /<tz ""~> (es - Cs )/AL = 0.57 x 10 = 0.62 x 10 moles/cm4 

II. ~ 914 

(<::s + es, )/ 2 = (0.60 - 0.03)xl0 

L ' . 2 

D = Hl5 cm~/sec 
7 " 

R = 8.32 x 10 ergs/mole/ K 

T = 300 °K 

~ ..... = 103 dynes/cc 

-7 
kn = 10 em/sec 

kc.h = 6.2 x 10-.o\- cm5/mole/sec 

. 2 

= 0. 32 x 10 moles/crrr' 

Using these values the calculated contributions to 

steady state solute flux are respectively: 





Drag Couplino: J51 = [(l(w/RT)~k<-h + c!>kh] ahjaz 

= [lo3 (2xlo-"> + o.32xlo
3 {lo 7n o.JJ 

(8.32xl0 11 ( .Jxlo-l) J 
-11 l.. 

= 1.056 x 10 moles/sec/em 

-i L 
= 0.98 x 10 moles/sec/ft 

Chemica-Osmotic Diffusion! 

-11 ~ 

= 0.63 x 10 moles/sec/em 

-a ~ 
= 0.58 x 10 moles/sec/ft 

The total salt flux is the sum of the contributions 

from drag coupling and chemica-osmotic diffusion or 

.:Is = J.s, + Js'!.. . 

= (0.98 + 0.58) 
-e. 

xlO 

-e. ;. 
= 1.56 x 10 moles/sec/ft 

These calculations are in agreement with the results 

shown in Figure 3 for steady state salt inflow under com

bined gradients. Th!'!Y also illustrate that the drag 

coupling contribution under a 10-foot drawdown (0.33 

hydraulic gradient) exceeds the chemico-osmotic diffusion 

contribution. 

In the case of the clay aquitard beneath the la.ndfill 

at Allen Park, the average hydraulic ~nductiv~ty is almost 

an order-of-magnitude lower {2.6 x 10- vs. 10- em/sec). · 

This will tend to decrease the drag couplin~. On the other 

hand, this tendency will be more than offset by higher 

hydraulic gradients at this site. If the level of the 

leachate is kept at or close to the bottom of the landfill, 

then the gradient will approach B0/30 or 2.7. The drag 

coupling component of solute flux in this case will be 

3 7 -3 -S 

~ = ( 10 {2xl0- l + 0.32x10 (2.6x10 )] x 2.7 

' ( 8. 32xl01 (. 3xlo-J ) J 
-ll.. -II 

= [ o.ooaxlO + 0. B32xl0 ] X 2.7 

-II moles/sec/em;. = 2.25 X 10 

= 2.09 X 
-e. 

10 molesL:sec£::ft 
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This flux is grcatrer. than 3X the chemico-osmotic flwq 

and since it acts in the ooposite direction, there will 

be no net downward flux of solute at the Allen Park site. 

The critical hydraulic gradient to maintain a zero net salt 

efflux is O.B. This meuns that the groundwater table could 

rise to within 12 feet of present ground elevation (-595 ft) 

in the landfill and there would still be a sufficient upward 

hydraulic gradient (drag coupling effect) to completely 

counter solute efflux under chemica-osmotic diffusion (see 

summary below), 

Position of Ground 
Water Table in the 

Landfill 

At bottom 

12 feet from top 

At top 

Upward 
Hydraulic 
Gradient 

2.? 

o.s 

0.33 

Net; Steady State 
Solute Efflux Rate 

(moles/sec/ttl..) 

-S. 
-1.51 X 10 

(net influx) 

zero 
-e. 

+0.32 X 10 

These calculations are based on the existence of a static 

or piezometric head in the underlying aquifer approximately 

9-10 feet above ground elevation (see Table 1). 

Assumption of worst.case conditions, namely, a rise 

in the groundwater table in the landfill to ground surface 

elevation, leads to a small, steady state efflux rate from 

chemica-osmotic diffusion. This occurs because the 

resulting hydraulic. gradien1;. ( 0.33) is no longer large 

enough to completely oppose the chemico-osmotic salt flux. 

The breakthrough times, however, would be so immense 

(1000's of years) that the steady state flux under these 

·conditions is largely irrelevant·. 

It is important to note that the preceding calculations 

are also based on the following "worst case" assumptions: .. 
1. A highly saline leachate with a concentration 

and composition equal to that of sea water. 

2. No interaction between the solute and clay. 

In actual practice, there would be some uptake and adsorp

tion of solutes on the clay. This adsorption would 

attenuate or limit further solute concentrations in the 

leachate as it passed through the clay. 





III. EFFECT OF LEACHATE CONSTITUENTS ON THE PERMEABILITY OF CLAY 

A. GENERAL BACKGROUND 

The possibility that leachate--either in the solvent or 

solute phase--might affect clay permeability and hence its 

containment integrity has been raised by a number of investiga

tors (Anderson and Brown, 19611 Haxo, 19811 and Folltes, 1982). 

Orie of these studies has shown that concentrated organic liquids 

can increase clay permeability by several orders-of-magnitude 

(Anderson and Brown, 1981). 

All of these studies were conducted in the laboratory 

with simulated leachates from particular types of wastes and 

under particular testing conditions. The danger of blindly 

applying these test results to a field situation have been 

noted recently by Gray and Stoll (1983). It is essential to 

aslt t~e following before the results of these lab tests can 

be applied to a given field situation: 

1. What·was the nature of the leachate in the lab tests? 

What are the concentrat1ons of various constituents 

in the leachate in the field as opposed to the lab 

tests? How relevant are the lab test results in the 

light of potentially large differences in leachate 

composition (lab vs. field}'? ' 

2. How did the leachate contact or interact with the clay 

in the lab tests? Was it forced through? If so, at 

what gradient'? . Is there any prospect that the leachate 

will be able to penetrate/permeate through the clay 

containment in the field in like manner? In other words 

are the necessary gradients and other conditions present 

to permit this to happen'? 

3. What was the failure or clay degradation process by 

which the a arent ermeabilit increase occured in 

the lab tests'? . Was 1t by a d~ssqlut1on, b syneresis, 

c) piping? Could these mechanisms reasonably occur 

in the field given the type, water content, and density 

of the in-situ clay plus the nature and concentration 

of organic and inorganic compounds in the leachate? 

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE 

The types, composition, and relative amounts of wastes 

placed in the Type II Solid Waste Landfill at Allen Parlt are 

shown in Tables 3 and 4. The results of typical E.P.T leachate 

tests on these wastes are shown in Table 5. The liltely nature 

and composition of the landfill leachate can be estimated from this 

information. This estimate is adequate for purposes of evaluating 

the probable effect of the leachate on clay permeability. 
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TABLE 3, ALLE!i PARK CLAY MINE- SOLID WASTE. 
LANDFILL CONSTITUENTS I 

Fly Ash 

Blast Furnace !'ilter Cal:e 

Construction D;'or:.s - SWeepings - Clean-Up 

BOF D..lst 

Foundry Se.n:l. 

Electric' FUrnac~ Dust 

coal and boke 

Coke Oven Dec~'lter Tar Sludge 

Glass 

Wood Ash 

BOF Kish 

Wastewater Treatment Sludge 

Grinding MUd 
. . 

5~ 

15~ 

14~ 

6'f, 

(II, 

4.8'f, 

3~ 

o.~ 

0.5% 

0.5,; 

o.:,;, 

0.2'f, 

. O,l'f, 

' 





[P T~w.tc 

Iron 
C.rtlon 
llrsrnlc 
B&rh'l:l 
ta~rnlcm 
Chrifollu• 
l•ad 
Ken:ury 
Srlrnturn 
S tlver 
M.angan!'SE: 
Zinc 
Phosphorus 
Sulfur 
talcl111• 
Maon~s I~" 
11.1;;,.1num 
511 Icon 
Potassi""' 
Sod h." 
F 1 "orl ~e 
Cy~nlde 
Phenol 
Naphthalene 

-·- _,_ .......... .,.~--~ 

' 

TABLE 4. ALLEN PAR~ CLAY MINE WASTES, TYPICAL 
AS RECEIVED ANALYSES (mg/kgm). 

DEcanter lank ~lectr~c Arc Dhst rurn. r.'lr n "' P.1a;.t furn. roundry 

!_a~ 1 udg_r_ I urn. llullit r1 ur llu< l Cu';.t rllt.cr (oko -~~"~- ~_or t.lsh _ ... ___ -- ·- -- ----
ll~ Yt•<(Z11,Ph,C<!) No r;n !lo lb fio 

.......... JSO,OOO 122,000 560,00~ 150,000 1,200 490,000 

... -.... ·i. 700 520,000 7,400 ~(1.1 • 000 6,600 240,000 

............ ;,o 19 • a 2 . 2 70 70 

........... <I <1 <l 20 <I cl 

.... -... 95 cl so o· < l <I 

.......... 500 <I 130 70 <l 60 

_.., __ <4,500 cl 3,000 350 44 cl 

...... -... .. <I <I cl <1 <I 

......... -. 120 93 •I cl JS 70 

............ f, •l •I 9 <l cl 

........... J~.ooo 7,500 10 •. 000 4,500 79 2,1!00 

.......... 150,000 120 22 .ooo 400 40 194 

......... 450 200 !90 ~00 400 170 

...,_ ...... 3,GOO 4,000 !,600 4,000 200 a;o 

........... 6i,CCO !8,000 z,coo 20,000 6:l SI!O 

........... 11,000 7, 500 9,600 13,000 !CO J,eoo 

........... 2,400 2,200 .2 3,700 <2 1,600 

15,000 20,000 a,ooo R3,000 450,000 25,000 

.,_ .... S,90!J 980 5,000 2,20~ 170 640 

............ :i,?OO MO Z,JOO l,SO~ J90 630 

_.,. ...... :?6 10 ~3 4 ci 48 

14 <I <I <I J cl <1 

!,8()0 d .I <1 3 <I 2 

2,700 

. , 
' -

Fly Alh ll,..;, D"' ( .. '.'5.-.1_::~~ .:.~ ----
[xtwttt flo 

34,500 ... ........ ~ . !!CO 

194 ,ooo ... .... _ : ''J. c.~~ 

•--e ......... ) :: 
............ ---- • ! 

......... - ... ......... ' ; 

......... .,_ ..... [~ 

... ... _ ... __ ,_ . l 
-.......... ___ .. 
' --- ... ........ l' 

............ ... ....... 7: 

.,._ ..... ... ....... 1:0 

... ......... .. ....... 5~ 

3, !00 .......... 7,300 
13,100 1!4 ,700 :<:0 
S,<OO .......... :.~J 

147,200 .. -...... ·~ 
201,700 .,._ ...... ;~.coo 

9,700 ... ... -<& z~o 

3,700 
_ ... _ .. r:a 

___ .,. _ .. _ .. d 
,.._ ...... ............ z 
............ ............ J 
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·-~- ~· .. -~·.' ' .. ~ .............. ",._,. __ '~·--·· ,,_ .... ~ .. ·~-

TABLE 5. 1\LLEl! l'i\W\ ClJ,Y f.lllll; GOLID 1-iA::'l'E.i 

'l"iPir:AI, E. P. •r. LI~~r 'l!Nl'E ']'EST REWL1'S (r.tdl} 

\-Jo:.; l.(;'..ti 1 t ·-·: 

Blu:;t Furw.l.<.:c.: BOF Flue Blu:;t Furnucc · Fomu.h·y BOF Col'e Tn .. tt l:;,._rJ:.... 

Parumctc.:•r Flue Du:; t flll:.J l l•'lltet· Cake sanrl Klsh Bl'eczc [;1 H l: "t; 

1\r:;enic 0.011 . 0.02 ( 0.1 0.03 0.1 iO.l .. l)\ '.'' 

Barium (0.8 ( 0.04 < o.e (0.08 L o.B .(0.8 • l1) 

Cadmium (}.01 0.03 .( 0.08 . to.oos (0.005 {0.005 .005 

Chromium L. o. 1 L 0.05 / 0.0) L O.l .( 0.1 L.O.l .101 

Lou..t L. 0.2 1.'( 1..'( ;:::o.2 <o.2 ~0.2 ,.l):~~ 

1.-:<H'cury O.OoJV( L.. 0.01 < 0.2 (0.2 .(0.2 L.0.2 .. ..;,,\)j 

!io.: 1 cuium 1.0 I. o. OJ .(. 0.:!. 0.10 o.h L 0.5 .. , ~c: . 

Silver I. 0.1 . 1.. 0.01. L. O.l!l < 0.1 ( 0.1 L 0.1 e ( l\ 'I , 

' 

r:;,wpD • I ll:; 

I: II'Ch I • j ~; ) 





The data in Tables 3 and 4 indir..ate that 50 per cent of 

the: •wlicl ~mste consists of relatively inert fly ash and that 

some £19 per cent of the wastes consist of materials that do 

not contain significant amounts of heavy metals (Zn, Pb, Cd) 

or organics known or suspected to be toxic such phenol and 
naphthalene (see Table 4). The coke oven decanter tar sludge 

is a possible source of organics (phenol and napthalene), but 

this waste comprises only 0.6 per cent of the total stream in 

the Type II Solid Waste landfill. 

C. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY 
PERMEABILITY AT ALLEN PARK SITE 

Anderson and Brown (1981) found that several organic 
liquids, viz., aniline, acetone, ethylene glycol, heptane, 

and xylene, cause large increases in permeability of four com

pacted clay soils. Pure organic liquids were used in their 
study. One of the authors (Anderson, 1982) later emphasized 

that their results cannot be used to support claims that clay 
liners' permeated by dJ.lute organic liquids may be susceptible 

to large permeability increases. 

Haxo (1981) reported results of up to 52 months of liner 
exposure to. selected industrial wastes. He included several 

organic wastes, namely, aromatic oil, Oil pond 104, and a 
·pesticide. The results of large permeameter tests on a compacted 

fine-grained soil and admixed materials are summarized in ' 
Table.6. Although a smal! amount of seepage passed through 
the compacted, fine-grained soil liner, no permeability increases 

were reported with any of the organic wastes. 

On the basis of the.se studies and with the caveats noted 

at the beginning of this section in mind, it is possible to 

evaluate the likely effect of the landfill leachate on clay 
permeability at the Allen Park site. 

1. Type II Solid Waste Landfill 

As noted previously the existinQ landfill contains 
small quantities of coke oven decanter tar sludge which 
is a possible source of organics (phenol and 
naphthalene), but this waste comprises only 0.6 per 
cent of the total. Phenol and naphthalene are present 
in the tar component of this waste in concentrations 
estimated by Desha (1946) of 0.1 and 2.2 per cent by 
weight respectively. Accordingly, the amount of phenol 
and naphthalene present in the total waste stream are 
.006 and .013 per cent by weight respectively. These 

amounts constitute a very low fraction and they suggest 
that leachate from the total waste stream will tend to 
have very low concentrations of phenol and napthalene. 
Therefore, the organics in the leachate from the Type 

II Solid Waste landfill are quite unlikely to affect 
clay permeability. 
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Uner 
material 

Compacted 
fine-grained soil 
305mm thick 

Soil cement 
IOOmm thick 

Modified bentonite 
and sand (2 types) 
127 mm thick 

Hydraulic uphalt 
concrete 
64mm thick 

Spray-on uphalt 
and fabric 
Bmm thick 

'_,_. 
---~'~------·~-~---· -------

---·---·-····---
< -· ~-······--

TABLE 6. EFFECTS OF INDUSTRIAL WASTES ON SOIL AND ADMIX LINERS 
(from Faxo, 1981) 

Acidic waste 
(HNO,, HF, HOAC) 

Not tested 

Not tested 

Not tested 

·Failed 

Not tested 

Lead 
(low lead gas 

washing) 

Oily waste 

Alkaline waste 
(spent caustic) 

Measurable rate of seepage 
v. = 10-10-10'"'9 m/s, waste 

penetrated 3-S em after 30 months (a) 

Aromatic oil 

k= ux w·•• 
k=2.4>< w-•• 
k=2.6>< w-•• 
(tests on soil 

after 30 months) 

Oil pond 104 

t 

No measurable seepage after 30 months 

Measurable S<epage after 30 months, channelling of waste 
into bentonite (b) 

Satisfactory 

Satisfactory 

Waste stains 
below liner 
asphalt mushy 

Waste: stains 
below liner 

Not tested 

Not tested 

Failed 
{waste S<epage 
through liner) 

Not tested 

Not tested 

Pesticide 
(weed killer) 

t 

t 

Satisfaclory 

Satisfaclory 

-Fmm dala presented by Haso (1981). 
tsmme os (a). 
tSameos(b). 
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2. Type I Ha,;ardous Haste Landfill 

In the future the decanter tar sludge will be 
placed in a separate landfill that will be upgraded to 
accept hazardous wastes. This action will increase the 
relative proportion of organics (phenol and 
naphthalene) in the waste stream. Leachate tests run 
on P¥re samples of decanter tar sludge using a 
distLlled water extraction procedure (Calspan, 1977) 
have produced phenol concentrations of approximately 
500 ppm. Even this concentration is far removed from 
the very high concentrations of organic solvents used 
by Anderson and Brown (1981) in their pe.rmeabilit:y 
tests on different clays. Accordingly, organics ~n the 
leachate from the Type I Hazardous Waste landfill are 
also unlikely to affect clay permeability. 

In summary: It does not appear likely nor reasonable that 
organics present in the wastes at the Allen Park Clay Mine/Land
fill will cause a permeability increase given their low concen
tration and the absence of any substantiation in the published 
technical literature for such an increase under these conditions. 
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(1). There appears to be very little likelihood of leachate 
migratinq downward from the Allen Park Clay Mine/Landfill and 
contaminating the aquifer beneath the clay. 

(2). A density difference between the leachate and groundwater 
will have little or no influence on hydraulic permeability 
or downward migration nor will it lead to diffusion efflux of 
solutes. A thick, uniform bed of silty clay beneath the site 
coupled with an upward hydraulic gradient precludes the latter.· 
Calculations and analyses are provided herein to support this 
finding. 

(3). Comparison with results of salt water intrusion studies 
across clay aquitards having similar properties as the clay 
beneath the Allen Park Clay Mine site show that the solute (salt) 
will take at least 600 years to migrate across a clay barrier 
30 feet thick under chemico-osmotic gradients alone. A counter 
(or upward) hydraulic gradient will increase this breakthrough 
time even more. · 

(4)." The waste and.its leachate are unlikely to increase the 
permeability of the underlying clay. This claim is reasonable 
in view of the low concentrations of organics in the total, 
waste stream and in the light of the findings and caveats of 
permeability/exposure tests with organic permeants reported 
in the technical literature, This conclusion applie.s to both 
the existing Type II Solid Waste landfill and a proposed 
Type I Hazardous Waste ~andfill that will accept the coke oven 
decanter tar sludge. 

(5). The composition of the waste and underlying clay do not 
suggest properties or combination of properties that could lead 
to a. containment failure caused by such processes as piping, 
acid/base dissolution, or syneresis. 

(6). Under these circumstances any observeq increase in con
taminant levels of monitor wells in the aquifer underlying 
the site could just as well come from other sources laterally 
upgradient from the site rather than from the clay mine/land
fill above the site', 

(7). These findings and conclusions support the basis of, 
applicant's petition for discontinuing further monitoring of 
the wells penetrating the aquifer beneath the site. 
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